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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to tricyclic compounds, more specifically, bicyclic 
imidazole and triazole derivatives, pharmaceutical compositions containing them, and to 
methods of treating aldosterone mediated conditions using such compounds. 



Description of Related Art 

Aldosterone is a steroidal hormone which is primarily synthesized in the zona 
glomerulosa cells of the adrenal glands. The terminal steps of aldosterone biosynthesis are 
catalyzed by the cytochrome P450 enzyme, aldosterone synthase, i.e., aldosterone 
synthase catalyzes the conversion of corticosterone to aldosterone via 18-hydroxylation and 
subsequent oxidation at this position. 

Adrenal aldosterone, the main source of circulating aldosterone, is a major regulator 
of extracellular fluid volume and sodium, potassium and hydrogen ion contents. In 
particular, aldosterone plays a major role in controlling the reabsorption of sodium ions from 
the kidney filtrates. Inhibition of basal aldosterone secretion or its antagonism has been 
shown to lead to reduction of plasma sodium concentrations and plasma volume resulting in 
a reduction in blood pressure in hypertensive individuals. On the contrary, elevated 
aldosterone levels, i.e., hyperaldosteronism, may be involved in hypertension, hypokalemia, 
alkalosis, muscular weakness, polyuria and polydipsia. Elevated aldosterone levels have 
also been reported to have numerous effects that ran potentially contribute to proliferation 
of fibroblasts and subsequent remodeling of the atria, ventricles and great vessels, thus 
producing a perivascular fibrosis believed to be responsible for the deleterious effects of 
aldosterone in congestive heart failure patients. Myocardial fibrosis, which is characterized 
by increased collagen production, is indeed a hallmark of hyperaldosteronism. Thus, 
treatment of hyperaldosteronism and the conditions associated with it should be possible by 
blockage of the enzymatic synthesis of aldosterone, in particular, by inhibition of aldosterone 
synthase activity. 



SUMMARY OF THE INVENTION 

In one aspect, the present invention provides compounds of the formula 

Rs 

(I) 




wherein 

X is oxygen or H 2 ; 

Yis -CRR'-in which 

R and R' are independently hydrogen, optionally substituted alkyl, aralkyl or 
heteroaralkyl; 

R 1a is hydrogen, optionally substituted alkyl, cycloalkyl, aikenyl, alkynyl, aryl, aralkyl, 
heterocyclyl or heteroaralkyl providing R ia is not 9H-carbazol-2-yl when R 2 is methyl, 
m is zero or an integer of 1 , n is zero, X is H 2 , and Rib, Rs, R4 and R5 are hydrogen; 

Rib is hydrogen, optionally substituted alkyl, aralkyl, heteroaralkyl, aryl or heteroaryl; 
or 

R 1a and R 1b combined are alkylene which taken together with the carbon atom to 
which they are attached form a 3- to 6-membered ring; 

R 2 is R6-(CHR 7 ) P - in which 

R 6 is optionally substituted alkyl, cycloalkyl, aryl or heterocyclyl; 

R 7 is hydrogen, optionally substituted alkyl, aryl, heteroaryl or aralkyl; 

p is zero or an integer from 1 to 4; 
Ra and R4 are Independently hydrogen, halogen, optionally substituted alkyl, aryl or 
heteroaryl; or 

R4-C may be replaced by nitrogen; 

Rs is hydrogen, optionally substituted alkyl, aryl, heteroaryl, aralkyl or heteroaralkyl; 

m and n are zero or an integer of 1 providing the sum of m and n is not 2; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 
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In another aspect, the present invention provides pharmacological agents which are 
inhibitors of the P450 enzyme aldosterone synthase, and thus may be employed for the 
treatment of aldosterone mediated conditions. Accordingly, the compounds of formula I 
may be employed for prevention, delay of progression, or treatment of hypokalemia, 
hypertension, congestive heart failure, renal failure, in particular, chronic renal failure, 
restenosis, atherosclerosis, syndrome X, obesity, nephropathy, post myocardial infarction, 
coronary heart diseases, increased formation of collagen, fibrosis and remodeling following 
hypertension and endothelial dysfunction. Preferred are the compounds of formula I which 
are selective inhibitors of aldosterone synthase devoid of undesirable side effects due to 
general inhibition of cytochrome P450 enzymes. 



DETAILED DESCRIPTION OF THE INVENTION 

Listed below are definitions of various terms used to describe the compounds of the 
present invention. These definitions apply to the terms as they are used throughout the 
specification unless they are otherwise limited in specific instances either individually or as 
part of a larger group. 

The term "optionally substituted alkyl M refers to unsubstituted or substituted straight- 
or branched-chain hydrocarbon groups having 1-20 carbon atoms, preferably 1-7 carbon 
atoms. Exemplary unsubstituted alkyl groups include methyl, ethyl, propyl, isopropyl, 
n-butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl and the like. 
Substituted alkyl groups include, but are not limited to, alkyl groups substituted by one or 
more of the following groups: halo, hydroxy, cycloalkyl, alkanoyl, alkoxy, alkyloxyialkoxy, 
alkanoyloxy, amino, alkylamino, dialkylamino, acylamino, carbamoyl, thiol, alkylthio, 
alkylthiono, sulfonyl, sulfonamido, sulfamoyl, nitro, cyano, carboxy, alkoxycarbonyl, aryl, 
alkenyl, alkynyl, aralkoxy, guanidino, heterocyclyl including indolyl, imidazolyl, furyl, thienyl, 
thiazolyl, pyrrolidyl, pyridyl, pyrimidyl, piperidyl, morpholinyt and the like. 

The term "lower alkyl" refers to those optionally substituted alkyl groups as described 
above having 1-7, preferably 1-4 carbon atoms. 

The term "halogen" or "halo" refers to fluorine, chlorine, bromine and iodine. 

The term "alkenyl" refers to any of the above alkyl groups having at least two carbon 
atoms and further containing at least one carbon to carbon double bond at the point of 
attachment. Groups having 2-4 carbon atoms are preferred. 
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The term "alkynyl" refers to any of the above alkyl groups having at least two carbon 
atoms and further containing at least one carbon to carbon triple bond at the point of 
attachment. Groups having 2-4 carbon atoms are preferred. 

The term "alkylene" refers to a straight-chain bridge of 2-5 carbon atoms connected 
by single bonds, e.g., -(CH 2 ) X -, wherein x is 2 to 5, which may be interrupted with one or 
more heteroatoms selected from O, S, S(O), S(0) 2 or NR", wherein R" may be hydrogen, 
alkyl, cycloalkyl, aryl, acyl, carbamoyl, sulfonyl, sulfamoyl, alkoxycarbonyl, aryloxycarbonyl 
or aralkoxycarbonyl, or the alkylene may be substituted with one or more substituents 
selected from alkyl, cycloalkyl, oxo, halogen, hydroxy, carboxy, alkoxy, alkoxycarbonyl and 
the like. 

The term "cycloalkyl" refers to optionally substituted monocyclic, bicyclic or tricyclic 
hydrocarbon groups of 3-12 carbon atoms, each of which may be substituted by one or 
more substituents, such as alkyl, halo, oxo, hydroxy, alkoxy, alkanoyl, acylamino, 
carbamoyl, alkylamino, dialkylamino, thiol, alkylthio, nitro, cyano, carboxy, alkoxycarbonyl, 
sulfonyl, sulfonamido, sulfamoyl, heterocyclyl and the like. 

Exemplary monocyclic hydrocarbon groups include, but are not limited to, 
cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl and the like. 

Exemplary bicyclic hydrocarbon groups include bornyl, indyl, hexahydroindyl, 
tetrahydronaphthyl, decahydronaphthyl, bicydo[2.1.1]hexyl, bicyclo[2.2.1]heptyl, 
bicyclo[2.2.1]heptenyl, 6,6-dimethylbicyclol3.1 .1]heptyl, 2,6,6-trimethylbicyclo[3.1 .1]heptyl, 
bicyclo[2.2.2]octyl and the like. 

Exemplary tricyclic hydrocarbon groups include adamantyl and the like. 

The term "alkoxy" refers to alkyl-O-. 

The term "alkanoyl" refers to alkyl-C(O)-. 

The term "alkanoyloxy" refers to alkyl-C(0)-0-. 

The terms "alkylamino" and "dialkylamino" refer to alkyl-NH- and (alkyl) 2 N- 
respectively. 

The term "alkanoylamino" refers to alkyl-C(0)-NH-. 
The term "alkylthio" refers to alkyl-S-. 
The term "alkylamlnothiocarbonyl" refers to alkyl-NHC(S)-. 
The term "trialkylsilyl" refers to (alkyl) 3 Sk 



The term "trialkylsilyloxy" refers to (aikylfeSiO-. 
The term "alkylthiono" refers to alkyl-S(O)-. 
The term "alkylsulfonyl" refers to alkyl-S(0) 2 -. 
The term "alkoxycarbonyl" refers to alkyl-0-C(0)-. 
The term "alkoxycarbonyloxy" refers to alkyl-0-C(0)0-. 
The term "carboxycarbonyl" refers to HO-C(0)C(0)-. 

The term "carbamoyl" refers to H 2 NC(0)-, alkyl-NHC(OK (alkyl) 2 NC(0)-, aryl- 
NHC(0)-, alkyl(aryl)-NC(0)-, heteroaryl-NHC(O)-. alkyl(heteroaryl)-NC(0)-, aralkyl-NHC(0)-, 
alkyl(aralkyl)-NC(0)- and the like. 

The term "sulfamoyl" refers to H 2 NS(0)2-, alkyl-NHS(0)2-, (a!kyl) 2 NS(0)2-. aryl- 
NHS(0)2-, alkyl(aryl)-NS(0)2-, (aryOaNSCOV. heteroaryl-NHS(0)2-. aralkyl-NHS(0) 2 -. 
heteroaralkyl-NHS(0)2- and the like. 

The term "sulfonamido" refers to alkyl-S(0)2-NH-. aryl-S(0) 2 -NH-, aralkyl-S(0)2-NH-, 
heteroaryl-SCOJz-NH-.heteroaralkyl-StO^-NH-, alkyl-S(0)2-N(alkyl)-, aryl-S(0)2-N(alkyl)-, 
aralkyl-S(0)2-N(alkyl)-, heteroaryl-SCO^Ntalkyl)-, heteroaralkyl-S(0)2-N(alkyl)- and the like. 

The term "sulfonyl" refers to alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, 
aralkylsulfonyl, heteroaralkylsulfonyl and the like. 

The term "optionally substituted amino" refers to a primary or secondary amino group 
which may optionally be substituted by a substituent, such as acyl. sulfonyl, alkoxycarbonyl, 
cycloalkoxycarbonyl, aryloxycarbonyl, heteroaryloxycarbonyl, aralkoxycarbonyl, 
heteroaralkoxycarbonyl, carbamoyl and the like. 

The term "aryl" refers to monocyclic or bicyclic aromatic hydrocarbon groups having 
6-12 carbon atoms in the ring portion, such as phenyl, biphenyl, naphthyl and 
tetrahydronaphthyl, each of which may optionally be substituted by 1-4 substituents, such as 
optionally substituted alkyl, trifluoromethyl. cycloalkyl, halo, hydroxy, alkoxy, acyl, 
alkanoyloxy. aryloxy, optionally substituted amino, thiol, alkylthio, arylthio, nitro, cyano, 
carboxy. alkoxycarbonyl, carbamoyl, alkylthiono, sulfonyl, sulfonamido, heterocyclyl and the 
like. 

The term "monocyclic aryl" refers to optionally substituted phenyl as described under 

aryl. 



The term "aralkyl" refers to an aryl group bonded directly through an alkyl group, 
such as benzyl and phenethyl. 

The term "aralkanoyl" refers to aralkyl-C(0)-. 
The term "aralkylthio" refers to aralkyl-S-. 

The term "aralkoxy" refers to an aryl group bonded directly through an alkoxy group. 

The term "arylsulfonyl" refers to aryl-S(0) 2 -. 

The term "arylthio" refers to aryl-S-. 

The term "aroyl" refers to aryl-C(O)-. 

The term "aroyloxy" refers to ary!-C(0)-O-. 

The term "aroylamino" refers to aryl-C(0)-NH-. 

The term "aryloxycarbonyl" refers to aryl-0-C(0)-. 

The term "heterocyclyl" or "heterocyclo" refers to an optionally substituted, fully 
saturated or unsaturated, aromatic or nonaromatic cyclic group, e.g., which is a 4- to 
7-membered monocyclic, 7- to 12-membered bicyclicor 10- to 15-membered tricyclic ring 
system, which has at least one heteroatom in at least one carbon atom-containing ring. 
Each ring of the heterocyclic group containing a heteroatom may have 1 , 2 or 3 heteroatoms 
selected from nitrogen atoms, oxygen atoms and sulfur atoms, where the nitrogen and 
sulfur heteroatoms may also optionally be oxidized. The heterocyclic group may be 
attached at a heteroatom or a carbon atom. 

Exemplary monocyclic heterocyclic groups include pyrrolidinyl, pyrrolyl, pyrazolyl, 
oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl, triazolyl. oxazolyl, oxazolidinyl, 
isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, furyl, 
tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyl. 2-oxopiperazinyl, 
2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, 4-plperidonyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamorpholinyl 
sulfoxide, thiamorpholinyl sulfone, 1 ,3-dioxolane and tetrahydro-1,1-dioxothlenyl, 
1,1,4-trioxo-1 ,2,5-thiadiazolidin-2-yl and the like. 

Exemplary bicyclic heterocyclic groups include indolyl, dihydroidolyl, benzothiazolyl, 
benzoxazinyl, benzoxazolyl, benzothienyl, benzothiazinyl, quinuclidinyl, quinolinyl, 
tetrahydroqulnolinyl, decahydroquinolinyl, isoquinolinyl, tetrahydroisoquinolinyl, 
decahydroisoquinollnyl, benzimidazolyl, benzopyranyl. indolizinyl, benzofuryl, chromonyl, 
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl. furopyridinyl 
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(such as furo[2,3-c]pyridinyI, furo[3,2-b]-pyridinyl] or furo[2,3-b]pyridinyl), dihydroisoindolyl, 
1 f 3-dioxo-1,3-dihydroisoindol-2-yl, dihydroquinazoiinyl (such as 3,4-dihydro-4-oxo- 
quinazolinyl), phthalazinyl and the like. 

Exemplary tricyclic heterocyclic groups include carbazolyl, dibenzoazepinyl, 
dithienoazepinyl, benzindolyl, phenanthrolinyl, acridinyl, phenanthridinyl, phenoxazinyl, 
phenothiazinyl, xanthenyl, carbolinyl and the like. 

The term "heterocyclyl" includes substituted heterocyclic groups. Substituted 

heterocyclic groups refer to heterocyclic groups substituted with 1, 2 or 3 of the following: 

(a) alkyl; 

(b) hydroxy (or protected hydroxy); 

(c) halo; 

(d) oxo, i.e., O; 

(e) optionally substituted amino, alkylamino or dialkylamino; 

(f) alkoxy; 

(g) cycloalkyl; 

(h) carboxy; 

(i) heterocyclooxy; 

(j) alkoxycarbonyl, such as unsubstituted lower alkoxycarbonyl; 

(k) mercapto; 

(I) nitro; 

(m) cyano; 

(n) sulfamoyl or sulfonamido; 

(o) aryl; 

(p) alkanoyloxy; 

(q) aroyloxy; 

(r) arylthio; 

(s) aryloxy; 

(t) alkylthio; 

(u) formyl; 

(v) carbamoyl; 

(w) aralkyl; or 

(x) aryl substituted with alkyl, cycloalkyl, alkoxy, hydroxy, amino, acylamino, 
alkylamino, dialkylamino or halo. 

The term "heterocyclooxy" denotes a heterocyclic group bonded through an oxygen 

bridge. 
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The term "heteroaryT refers to an aromatic heterocycle, e.g., monocyclic or bicyclic 
aryl, such as pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, 
isothiazolyl, furyl, thienyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl, benzothiazolyl, 
benzoxazolyl, benzothienyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzofuryl and the like, 
optionally substituted by, e.g., lower alkyl, lower alkoxy or halo. 

The term "heteroarylsulfonyl" refers to heteroaryl-S(0) 2 -. 

The term "heteroaroyl" refers to heteroaryl-C(O)-. 

The term "heteroaroylamino" refers to heteroaryI-C(0)NH-. 

The term "heteroaralkyl" refers to a heteroaryl group bonded through an alkyl group. 

The term "heteroaralkanoyl" refers to heteroaralkyl-C(O)-. 

The term "heteroaralkanoylamino" refers to heteroaraikyl-C(0)NH-. 

The term "acyl" refers to alkanoyl, aroyl, heteroaroyl, aralkanoyl, heteroaralkanoyl 
and the like. 

The term "acylamino" refers to alkanoylamino, aroylamino, heteroaroylamino, 
aralkanoylamino, heteroaralkanoylamino and the like. 

Pharmaceutical^ acceptable salts of any acidic compounds of the invention are salts 
formed with bases, namely cationic salts, such as alkali and alkaline earth metal salts, such 
as sodium, lithium, potassium, calcium, magnesium, as well as ammonium salts, such as 
ammonium, trimethylammonium, diethylammonium, and 
tris(hydroxymethyl)methylammonium salts and salts with amino acids. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic 
sulfonic acids, e.g., hydrochloric acid, methanesulfonic acid, maleic acid, are possible 
provided a basic group, such as imidazolyl, triazolyl or pyridyl constitutes part of the 
structure. 

The present invention provides bicyclic compounds, more specifically, bicyclic 
imidazole and triazole derivatives of formula I, pharmaceutical compositions containing 
them, methods for preparing said compounds, and methods of treating aldosterone 
mediated conditions by administration of a therapeutically effective amount of a compound 
of the present invention or a pharmaceutical composition thereof. 




Preferred are the compounds of formula I wherein 

Y is -CRR - in which R and R' are hydrogen; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Further preferred are the compounds of formula I wherein 
m and n are zero; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

More preferred are the compounds of the formula 1 A 



X is oxygen or H 2 ; 

R 1a is lower alky], aryl or heteroaryl providing R 1a is not 9H-carbazol-2-yl when Re is 
methyl, p is zero, X is H 2 , and R 1b , R3, R4 and R 5 are hydrogen; 

R 1b is hydrogen, lower alkyl, aralkyl or heteroaralkyl; 

Re is cycloalkyl, aryl or heteroaryl; 

R 7 is hydrogen or lower alkyl; 

p is zero or an integer from 1 to 2; 

Ra, R4 and R5 are hydrogen; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Preferred are the compounds of formula IA wherein 
R 1a is monocyclic aryl; 
R 1b is hydrogen; 




(IA) 



wherein 
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or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Further preferred are the compounds of formula IA of the formula IB 



X is oxygen or H 2 ; 

Re is cycloalkyl, aryl or heteroaryl; 

R 7 Is hydrogen or lower alkyl; 

p is zero or an integer from 1 to 2; 

Ra, Rq and R i0 are independently hydrogen, hydroxy, halogen, cyano, nitro, 
trifluoromethyl, optionally substituted alkyl, cycloalkyl, optionally substituted amino, 
alkoxy, alkylthio, carboxy, sulfonyl, carbamoyl, aryl, aryloxy, arylthio or heterocyclyl; 

or a pharmaceutically acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Preferred are the compounds of formula IB wherein 

X is oxygen or H 2 ; 

Re is cycloalkyl, aryl or heteroaryl; 

R 7 is hydrogen or lower alkyl; 

pis an integer of 1; 

R 8 and R 9 are hydrogen; 

R 10 is hydrogen, halogen or cyano; 
or a pharmaceutically acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof, or a mixture of optical isomers thereof. 




(IB) 



Rio 



wherein 
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Further preferred are the compounds of formula IB wherein 
X is oxygen; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Further preferred are also the compounds of formula IB wherein 

Re is C^cycloalkyl or monocyclic aryl; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Further preferred are also the compounds of formula IB wherein 
R 10 is located at the 3-position; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

Particular embodiments of the invention are: 

^(y-Cydopropylmethyl-e-oxo-S.ej^-tetrahydro-imidazotl.S-alpyrazin-S-yl)- 
benzonitrile; 

4-(7-Methyl-6-oxo-5,6J,8-teta 

4-(7-BenzyI^oxo^,67,8-tetrahydro-imM^ 

^(y-Allyl-e-oxo-S.ej.S-tetrahydro-imidazoIl ,5-a]pyrazin-5-yl)-benzonitrile; 

4-(6-Oxo-7-propyl-5,6,7 f 8-tetrahyd 

4-(7-lsopropyl^K>xo-5,6J,84etrahydro 

4-{7-[2-(4-Fluoro-phenyl)-e^ 
benzonitrile; 

4_[7-(3-Morpholin^y!-propyl)-6^^ 
benzonitrile; 

7~(4-Methoxy-benzyl)-5-(4-thioph 

one; 

4-[7-(4-MethyI-benzyl)-6-oxo 
benzonitrile; 
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4-[7-(4-Chloro-benzy!)-6-oxo-5,6,7,8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl]- 
benzonitrile; 

4-[6-Oxo-7-(4-trifluoromethyl-benzyl)- 5,6,7,8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)- 
benzo nitrite; 

4-[6-Oxo-7-(3-methyl-benzyl)~ 5,6,7,8-tetrahydro-imidazoII ,5-a]pyrazin-5-yl)- 
benzonitrile; 

4-[6-Oxo-7-(4-fluoro-benzyl)- 5,6,7 f 8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)- 
benzonitrile; 

4-[6-Oxo-7-(3-trifluoromethyl-benzyl)- 5,6 ( 7,8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)- 
benzonitrile; 

4-[6-Oxo-7-(3, 4-dichloro-benzyl)- 5,6 f 7 f 8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)- 
benzonitrile; 

4-(7-Ctyclopropyl-6-oxo-5 t 6J,8-teta 

4-(7-Cyclohexyl-6-oxo-5 > 67,8-tetrahydro-imidazo[1 l 5-a]pyrazin-5-yl)-benzonrt 
4-(7-Cyclopentyl-6<>xo-5A7,8-tetrahydro-!m^ 

4-[7-(2-Methoxyethyl)-6-oxo-5,6J I 8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yi]- 
benzonitrile; 

4-[7-(3-Methoxypropyl)^-oxo-5,67,84etra 
benzonitrile; 

4- (6-Oxo-7-pyridin-4-ylmethyl-5,67,8-te^^ 
benzonitrile; 

7-BenzyI-5-phenyI-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one; 
7-Methyl-5-phenyl-7,8-dihydro-imidazo[1 f 5-a]pyrazin-6-one; 

5- (4-Bromo-phenyl)-7-methyl-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one; 
5-(4-Bromo-phenyl)-7-(4-methoxy-benzyl)^ 

5-(4-Bromo-phenyl)-7-cyclopropylmethyl-7 l 8-dihydro-imidazo[1 ,5-a]pyrazin-6-one; 
7-Benzyl-5-(4-bromo-phenyl)-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one; 
5-(4-Bromo-phenyl)-7-(4-chloro-benzyl)-7^ 
5-(4-Bromo-phenyl)-7-(4-trifluoromethy!-benzyl)-7,8-dihydro-imida 

one; 

-12- 



S^-Bromo-phenyl^y-t^methoxy-phenyO-Z.S-dihydro-imidazoll.S-alpyrazin-e-one; 

5^4-BromcnphenylH-(4-fluoro-pheneto^ 

5-(4-Bromo-phenyl)-7-(4-fluorcHbenzyl)-7,8-d^ 

5-(3-Bromo-phenyl)-7-methyl-7.8-dihydro-imidazo[1,5-a]pyrazin-6-one; 

5-(3-Bromo-phenyl)-7-<^dohexyl-7,8-dihydro-imidazot1,5-a]pyrazin-6-one; 

5-(3-Bromo-phenyO-7-(4-methoxy-phen^ 

5-(3-Bromo-phenyl)-7^clopropylmethyl-7,8-dihydro-irnidazo[1,5-a]pyrazin-6-one; 

7-Benzyl-5-(3-bromo-phenyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one; 

5-(3-Bromo-phenyl)-7-(4-methoxy-benzyl)-7,8-dihyd^^ 

5^3-Bromo-phenyl)-7-(4-fIuoro-benzyl)-7,8^ihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(4K^loro-benzyl)-7,8-dihydro^midazo[1,5-alpyrazln-6^ne; 
5-(3-BromoH3henyl)-7-(4HTiethyl-benzyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-BrorTKKphenyl)-7-(4-trffluoronrethy^ 

one; 

5-(3-Bromo-phenyl)-7-(3-trffiuoromethyl-benzyl^^ 

one; 

5-(3-Bromo-phenyl)-7K3-fluoro-benzyl)-7,8-dihydro-lmidazoI1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(3-methyl-benzyl)-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(phenethyl)-7,8HJihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(4-methoxy-phenethyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6- 

one; 

5-(3-Bromo-phenyl)-7-(4-ctiloro-phenethyl)-7,8<lihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(3-chloro-phenethyl)-7,8-dihydro-iniidazo[1.5-a]pyrazln-6-one; 
5-(3-Bromo-phenyl)-7-(4-methyl-phenethylV7,8^ihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-(4-fluoro-phenethyl)-7,8-dihydro-imidazo[1,5-a]pyrazln-6-one; 
5-(3-Bromo-phenyl)-7-thiophen-2-ylmethyl-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one; 
5-(3-Bromo-phenyl)-7-furan-2-ylmethyI-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride; 
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(R)-5-(3-Bromo-phenyl)-7-((R)-1 -phenyl-ethyl)-7, 8-dihydro-imidazo[1 ,5-a]pyrazin-6- 

one; 

(S>5-(3-Bromo-phenyl)-7-((R)-1 -pheny!-ethyl)-7, 8-dihydroimidazo[1 ,5-a]pyrazin-6- 

one; 

(R)-5-(4-Bromo-phenyl)-7-((R)-1 -phenyl-ethyt)-7, 8-dihydro-imidazo[1 ,5~a]pyrazin-6- 

one; 

(S)-5-(4-Bromo-phenyl)-7-((R)-1 -phenyl-ethyl)-7, 8-dihydro-imidazo[1 ,5-a]pyrazin-6- 

one; 

7-Benzyl-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one; 
3-(7-Benzyl-6-oxo-5 f 6^,8-tetrahydro-™ 

a-^-t^Methyl-benzylJ-e-oxo-S.ej.S-tetrahydro-imidazotl ,5-a]pyrazin-5-yl]- 
benzonitrile; 

3-[7-(4-Fluoro-benzyl)-6-oxo-5,6J,8-teta^ 
benzonitrile; * 

S-F-^Chtoro-benzylVe-oxo-S.ej.S-teta^ 
benzonitrile; 

3-[7-(4-Methoxy-benzyl)-6-oxo-5,6J f ^ 
benzonitrile; 

3-|7-(4-Fluorchphenethyl>6-oxo-5,67 f 8-te^^ 
benzonitrile; 

3-(7-Phenethyl-6-6xo-5,67^-tetrahydrcH^^ 

3-(7-Cyclopropylmethyl-6-oxo-5 f 6 > 7 f 8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)- 
benzonltrile; 

5-(4-Chloro-biphenyM-yl)-7-(4-methoxy-benzyl)-73-dihydro-imidazo 

6-one; 

7-(4-Methoxy-benzyl)-5-(4-thiophen3-yl-phenyl)-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6- 

one; 

7-Cyclopropylmethyl-5-(4-thiophen-3-yl^^ 

one; 

7-Benzyl-5-(4 , -fluoro-biphenyl^ 
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Methyl 4-(7-benzyl-6-oxo-5 f 6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzoate; 

4- (7-Benzyl-5-methyl-6^xo-5,67,8-tetrahydro-imidazol1,5-a]pyrazin-5-yl)- 
benzonitrile; 

5- (4-Bromo-phenyl)-7-cyclopropylmethyl-5-m^ 

6-one; 

5-(3-Bromo-phenyl)-7-cyclopropylmethyl-5-methy^ 
6-one hydrochloride; 

5-(4-Bromo-phenyl)-7-(4-fluoro-benzyl)-5-methyl-7,8-dihydro-imidazo[1,5-a]py^ 



5-Benzyl-5-(4-bromo-phenyl)-7-(4-fluoro-benzyl^7 l 8-dihydro-imidazo[1,^a]pyrazin-6- 



5-(4-Bromophenyl)-7-(4-methoxy-benzyl)-5,6J,8-tetrahydro-imldazo[1,5-a]-pyrazin 

4-(8-Benzyl-7-oxo-6,7,8,9-tetrahydro-5H-imidazo[1 ,5-a][1 ,4]diazepin-5-yl)- 
benzonitrile; and 

4-(8-Cyclopropylmethyl-7-oxor6,7,8.9-tetrahydro-5H-imidazo[1,5-a][1,4]diazepin-5- 
yl)-benzonitrile; 

or a pharmaceutical^ acceptable salt thereof; or an optical isomer thereof; or a mixture of 
optical isomers thereof. 

The compounds of the invention depending on the nature of the substituents. may 
possess one or more asymmetric centers. The resulting diastereoisomers, enantiomers and 
geometric isomers, and mixtures thereof, are encompassed by the instant invention. 

Compounds of formula I may be prepared starting from alcohols of the formula II 



wherein Y and n have meanings as defined herein above, and R^, Rj and R 6 represent R3, 
R4 and R 5 as defined herein above, or Ri R»'and Rs' are groups convertible to R3, R4 and Rs, 
respectively. Alcohols of formula II may be prepared as illustrated herein in the Examples, 
or modifications thereof, or using methods well-known in the art. 



6-one; 



one; 




(ID 
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Accordingly, compounds of formula II may first be treated with compounds of the 
formula III 

P9i — UJ, (III) 

wherein Lg, represents a leaving group, such as bromide or chloride, preferably chloride, 
and Pgi is an appropriate N-protecting group, such as trityl, benzyloxymethyl. 
methoxymethyl or (2-trimethylsilylethoxy)methyl, preferably trityl. in the presence of a base, 
such as triethylamine (TEA), diisopropylethylamine or N-methylmorpholine (NMM) in an 
organic solvent, such as tetrahydrofuran (THF) or N.N-dimethylformamide (DMF) at an 
ambient temperature, preferably at room temperature (RT). to afford compounds of the 
formula IV 



(IV) 



wherein Pgi, Y. n. R3, R4 and R' 5 have meanings as defined herein above. 

Compounds of formula IV wherein P gi . Y. n, R^. Ri and Rk have meanings as 
defined herein above, may be converted to compounds of the formula V 





wherein Pg 2 is an appropriate O-protecting group, such as a trialkylsilyl or an acyl group, 
preferably a f-butyldimethylsilyl or an acetyl group, and Pg lt Y, n. R^. Ri and R' 5 have 
meanings as defined herein above, using methods described herein in the Examples, or 
modifications thereof, or using conditions well-known in the art. For example, compounds of 
formula IV may be treated at an ambient temperature, preferably at RT. with a compound of 
the formula VI 

Pg 2 — l-Oz (VI) 
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wherein Lg 2 represents a leaving group, such as bromide, chloride or trifluoromethane- 
sulfonate, and Pg 2 is an O-protecting group such as trialkylsilyl, e.g., t-butyldimethylsilyl, in 
an organic solvent, such as THF, DMF or dichloromethane (DCM) in the presence of a base 
such as TEA, diisopropylethylamine, NMM, imidazole or N,N-dimethylaminopyridine 
(DMAP), to afford compounds of formula V, wherein Pg 2 represents a group, such as 
f-butyldimethylsilyl, and Pg,. Y. n, R 3 ; P^'and Rg'have meanings as defined herein above. 
Alternatively, compounds of formula IV may be converted to compounds of formula V, 
wherein Pg 2 is an O-protecting group, such as an acyl group, e.g., acetyl, by the treatment 
with acyl anhydride, e.g., acetic anhydride, in the presence of a base, such as pyridine. 

Compounds of formula V, wherein Pg„ Pg 2 , Y, n. P4 P4 and have meanings as 
defined herein above may be first treated at an ambient temperature, preferably at RT. with 

an alkylating agent of the formula VII 

O 

7— <V / L 9 3 
Ft,/ Ria 

wherein m is zero. Lg 3 represents a leaving group, such as bromide, chloride, methane- 
sulfonate or p-toluenesulfonate. preferably bromide. Rn is lower alkyl, such as methyl or 
ethyl, Y has a meaning as defined herein above, R? b is hydrogen, and Ri a represents R la as 
defined herein, or Ri a is a group convertible to R 18 . in an organic solvent, such as ethyl 
acetate (EtOAc) or acetonitrile. Subsequent removal of the protecting groups Pg, and Pg 2 
then affords compounds of the formula VIII 




o ^ b 



//* (VHI) 



wherein m is zero, r;„ is hydrogen, and R 11f Y, n, R\ a , R3, m and R 5 have meanings as 
defined herein above. The protecting groups may be removed using conditions illustrated 
herein in the Examples, or modifications thereof, or using methods well-known in the art. In 
particular, when Pg, is a trityl and Pg 2 is a f-butyldimethylsilyl group, both protecting groups 
may be removed simultaneously by the treatment with an acid, such as trifluoroacetic acid, 
p-toluenesulfonic acid or a mineral acid, preferably hydrochloric acid, in the presence of a 
protic organic solvent, such as a lower alcohol, preferably methanol or ethanol. Protecting 
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groups (Pg 2 ), such as an acyl group, in particular, acetyl group, may be removed by the 
subsequent treatment with an aqueous base, such as sodium, lithium or potassium 
hydroxide in an organic solvent, such as THF or a lower alcohol, preferably THF. Alkylating 
agents of formula VII may be prepared using methods described herein in the Examples, or 
modifications thereof, or using conditions well-known in the art. 

Alternatively, compounds of formula VIII wherein m is zero or an integer of 1, and 
Rn, Y, n. R\ a , R3, R4 and R4 have meanings as defined herein above, and Rib represents 
hydrogen, optionally substituted alkyl. aralkyl, heteroaralkyl or aryl, may be obtained by first 
treating compounds of formula V at an ambient temperature, preferably at a temperature 
near the boiling point of the solvent, with an alkylating agent of the formula IX 

>-Lg 4 OX) 

wherein Lg 4 represents a leaving group, such as bromide, chloride, methanesulfonate, 
p-toluenesulfonate or trifluoromethanesulfonate. preferably bromide, and R 1a and Rii> 
represent R 1a and R 1b as defined herein, or RU and R} b are groups convertible to Ri a and 
R 1b> respectively, in an organic solvent such as EtOAc or acetonitrile. Subsequent removal 
of the protecting groups Pgi and Pg 2 using conditions described herein above for the 
preparation of compounds of formula VIII then affords compounds of the formula X 

I // (x> 



HO 




r; £ 

wherein Y, n. R 1a , Rib. FU and R£ have meanings as defined herein above. 

The free hydroxyl group in compounds of formula X, wherein Y, n, Ri a . Rib, R3, Ri 
and Ri have meanings as defined herein above, may then be protected with an appropriate 
O-protecting group, such as trialkylsilyl. preferably t-butyldimethylsilyl, using conditions as 
described herein above for the preparation of compounds of formula V. to obtain 
compounds of the formula XI 
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wherein Pg 3 represents the above defined O-protecting group, and Y, n, R a , RW R* Ri and 
Rs have meanings as defined herein above. 

Compounds of formula XI. wherein Pg 3 . Y, n. R' 1a . tt» % ^ and K have meanings 
as defined herein above, may then be converted to compounds of the formula XII 

Rk r; 

wherein Rl , Pg 3 , Y, n, RU Rfc % R* and R& have meanings as defined herein above, by 
first deprotonating compounds of formula XI in the presence of a base, such as Irthium 
diisopropylamide (LDA), or lithium, sodium or potassium bis(trimethylsilyl)amide. preferably 
lithium bis(trimethylsilyl)amide (LHMDS). in an organic solvent, such as THF at a 
temperature ranging from ,-45»C to -100°C. The resulting anion may then be reacted with 
an acylatlng agent or an alkylating agent of the formula XIII 

LSs-COs-CtO^OR,, (XIII) 
wherein m is zero (an acylating agent) or an integer of 1 (an alkylating agent); Lg 5 is a 
leaving group, such as chloride or cyanide when m is zero, or Lg 5 is a leaving group, such 
as bromide or chloride when m is an integer of 1 ; and R„ has a meaning as defined herein 
above, to afford compounds of formula XII. 

Compounds of formula VIII. wherein R 11t Y, m, n, R\ a , Rfc. R^, Ri and Rh have 
meanings as defined herein above may then be obtained from compounds of formula XII by 
removal of the protecting group. Pg 3 . using conditions described herein above or 
modifications thereof. 
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Compounds of formula VIII, wherein R,i, Y, m, n, Rk, Rib, Ri». Ri and Rh have 
meanings as defined herein above, may be oxidized to compounds of the formula XIV 

R„0 (Y) m 

wherein R„, Y, m, n, Ri a , Rib, R3. Ri and R4 have meanings as defined herein above, using 
an oxidizing agent, preferably Dess-Martin reagent, in an organic solvent, such as DCM or 
1,2-dichloromethane (DCE). 

Finally, compounds of formula XIV, wherein Rn, Y, m, n. R'i a . Rib, R3, Ri and Rh 
have meanings as defined herein above may be cyciized at an ambient temperature ranging 
from RT to the boiling point of the solvent to afford compounds of the formula f 




CO 



R\l 

wherein X represents oxygen, and R 2 , Y, m, n, R}.. Rib, Rk Ri and Rft have meanings as 
defined herein above, under conditions of reductive amination, e.g., compounds of 
formula XIV may be treated with amines of the formula XV 

R$ — NH 2 (XV) 

1 

or acid addition salts thereof, wherein R 2 has a meaning as defined herein above, in the 
presence of a reducing agent, such as sodium or lithium borohydride. sodium 
cyanoborohydride or sodium triacetoxyborohydride. preferably sodium 
triacetoxyborohydride. in an organic solvent, such as THF. DCM or DCE to afford 
compounds of formula P. wherein X. R 2 . Y. m. n, R\ a . R\ b . Ri. Ri and Rk have meanings as 
defined herein above. The cyclization may be carried out in the presence of an acid 
catalyst, such as acetic or trifluoroacetic acid. 
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Compounds of formula I', wherein X represents oxygen; R} b is hydrogen; and R 2 , Y. 
m. n, r; 0 , R4. FU and R£ have meanings as defined herein above, may be converted to 
compounds of formula I' , wherein R 1b is optionally substituted alkyl, aralkyl or heteroaralkyl, 
by treatment with an alkylating agent of the formula XVI 

r;— mj 6 p™) 

wherein R\ b is optionally substituted alkyl. aralkyl or heteroaralkyl; and Lg 6 represents a 
leaving group, such as bromide, chloride, methanesulfonate, p-toluenesulfonate or 
trifluoromethanesulfonate. preferably bromide, in the presence of a base, such as sodium 
hydride. LDA or LHMDS, in an organic solvent, such as THF or DMF. 

Similarly, compounds of formula I', wherein X represents oxygen; R' 1a and R' 1b are 
hydrogen; and R 2 . Y. m. n. Rb, R4 and Ffc have meanings as defined herein above, may be 
converted to compounds of formula l« . wherein Ri a and R' 1b combined are alkylene, by 
treatment with an alkylating agent of the formula XVII 

Lg 7 — r;— RJ — Uh (XVH) 
wherein R\ a and Ri b combined are alkylene; and Lg 7 represents a leaving group, such as 
bromide or chloride, preferably bromide, in the presence of a base, such as sodium hydr.de, 
potassium carbonate or cesium carbonate, in an organic solvent, such as dimethylsulfox.de 
or DMF. 

In addition, compounds of formula I', wherein X represents oxygen; and R 2 . Y, m. n, 
Ri 8 . Ri b , R3, Ri and R5 have meanings as defined herein above, may be reduced to 
compounds of formula I', wherein X represents H 2 . by treatment with a reducing agent, 
preferably borane. in an inert solvent, such as THF. 

The processes described herein above may be conducted under inert atmosphere, 
preferably under nitrogen atmosphere. 

In starting compounds and intermediates which are converted to the compounds of 
the invention in a manner described herein, functional groups present, such as amino, thiol, 
carboxyl and hydroxy groups, are optionally protected by conventional protecting groups that 
are common in preparative organic chemistry. Protected amino, thiol, carboxyl and hydroxyl 
groups are those that can be converted under mild conditions into free amino thiol, carboxyl 
and hydroxyl groups without the molecular framework being destroyed or other undesired 
side reactions taking place. 
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The purpose of introducing protecting groups is to protect the functional groups from 
undesired reactions with reaction components under the conditions used for carrying out a 
desired chemical transformation. The need and choice of protecting groups for a particular 
reaction is known to those skilled in the art and depends on the nature of the functional 
group to be protected (hydroxyl group, amino group, etc.). the structure and stability of the 
molecule of which the substituent is a part and the reaction conditions. 

Well-known protecting groups that meet these conditions and their introduction and 
removal are described, e.g.. in McOmie. "Protective Groups in Organic Chemistry". Plenum 
Press. London. NY (1973); and Greene and Wuts. "Protective Groups in Organic 
Synthesis", John Wiley and Sons, Inc., NY (1999). 

The above-mentioned reactions are carried out according to standard methods, in 
the presence or absence of diluent, preferably, such as are inert to the reagents and are 
solvents thereof, of catalysts, condensing or said other agents, respectively and/or inert 
atmospheres, at low temperatures, room temperature or elevated temperatures, preferably 
at or near the boiling point of the solvents used, and at atmospheric or super-atmosphenc 
pressure. The preferred solvents, catalysts and reaction conditions are set forth in the 
appended illustrative Examples. 

The invention further includes any variant of the present processes, in which an 
intermediate product obtainable at any stage thereof is used as starting material and the 
remaining steps are carried out, or in which the starting materials are formed in situ under 
the reaction conditions, or in which the reaction components are used in the form of their 
salts or optically pure antipodes. 

Compounds of the invention and intermediates can also be converted into each 
other according to methods generally known perse. 

The invention also relates to any novel starting materials, intermediates and 
processes for their manufacture. 

Depending on the choice of starting materials and methods, the new compounds 
may be in the form of one of the possible isomers or mixtures thereof, for example, as 
substantially pure geometric (els or trans) isomers, diastereomers. optical isomers 
(antipodes), racemates or mixtures thereof. The aforesaid possible isomers or mixtures 
thereof are within the purview of this invention. 
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Any resulting mixtures of isomers can be separated on the basis of the 
physicochemical differences of the constituents, into the pure geometric or optical isomers, 
diastereomers, racemates, for example, by chromatography and/or fractional crystallization. 

Any resulting racemates of final products or intermediates can be resolved into the 
optical antipodes by known methods, e.g., by separation of the diastereomeric salts thereof, 
obtained with an optically active acid or base, and liberating the optically active acidic or 
basic compound. In particular, the imidazolyl and triazolyl moieties may thus be employed 
to resolve the compounds of the present invention into their optical antipodes, e.g., by 
fractional crystallization of a salt formed with an optically active acid, e.g., tartaric acid, 
dibenzoyl tartaric acid, diacetyl tartaric acid, di-O.O'-p-toluoyl tartaric acid, mandelic acid, 
malic acid or camphor-10-sulfonic acid. Racemic products can also be resolved by chiral 
chromatography, e.g., high pressure liquid chromatography (HPLC) using a chiral 
adsorbent. 

Finally, compounds of the invention are either obtained in the free form, as a salt 
thereof if salt forming groups are present or as prodrug derivatives thereof. 

Compounds of the instant invention which contain acidic groups may be converted 
into salts with pharmaceutically acceptable bases. Such salts include alkali metal salts, like 
sodium, lithium and potassium salts; alkaline earth metal salts, like calcium and magnesium 
salts; ammonium salts with organic bases, e.g., trimethylamine salts, diethylamine salts, 
tris(hydroxymethyl)methylamine salts, dicyclohexylamine salts and N-methyl-D-glucamine 
salts; salts with amino acids like arginine, lysine and the like. Salts may be formed using 
conventional methods, advantageously in the presence of an ethereal or alcoholic solvent, 
such as a lower alkanol. From the solutions of the latter, the salts may be precipitated with 
ethers. e.g., diethyl ether. Resulting salts may be converted into the free compounds by 
treatment with adds. These or other salts can also be used for purification of the 
compounds obtained. 

Compounds of the invention having basic groups, in particular, the imidazolyl and 
triazolyl moieties, can be converted into acid addition salts, especially pharmaceutically 
acceptable salts. These are formed, for example, with inorganic acids, such as mineral 
acids, for example, sulfuric acid, a phosphoric or hydrohalic acid, or with organic carboxylic 
acids, such as (Ci-C 4 )-alkanecarboxylic acids which, for example, are unsubstituted or 
substituted by halogen, for example, acetic acid, such as saturated or unsaturated 
dicarboxylic acids, for example, oxalic, succinic, maleic orfumaric acid, such as 
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hydroxycarboxylic acids, for example glycolic, lactic, malic, tartaric or citric acid, such as 
amino acids, for example, aspartic or glutamic acid, or with organic sulfonic acids, such as 
(d-C 4 )-alkyisulfonic acids, for example, methanesulfonic acid; or arylsulfonic acids which 
are unsubstituted or substituted (for example by halogen). Preferred are salts formed with 
hydrochloric acid, methanesulfonic acid and maleic acid. 

Prodrug derivatives of any compound of the invention are derivatives of said 
compounds which following administration release the parent compound in vivo via some 
chemical or physiological process, e.g.. a prodrug on being brought to the physiological pH 
or through enzyme action is converted to the parent compound. Exemplary prodrug 
derivatives are, e.g., esters of free carboxylic acids and S-acyl and O-acyl derivatives of 
thiols, alcohols or phenols, wherein acyl has a meaning as defined herein. Preferred are 
pharmaceuticaliy acceptable ester derivatives convertible by solvolysis under physiological 
conditions to the parent carboxylic acid, e.g., lower alkyl esters, cycloalkyl esters, lower 
alkenyl esters, benzyl esters, mono- or di-substituted lower alkyl esters, such as the 
©-(amino, mono- or di-lower alkylamino, carboxy, lower alkoxycarbonyl)-lower alkyl esters, 
the a-(lower alkanoyloxy, lower alkoxycarbonyl or di-lower alkylaminocarbonyl)-lower alkyl 
esters, such as the pivaloyloxymethyl ester and the like conventionally used in the art. 

In view of the close relationship between the free compounds, the prodrug 
derivatives and the compounds in the form of their salts, whenever a compound is referred 
to in this context, a prodrug derivative and a corresponding salt is also intended, provided 
such is possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained In the form of their 
hydrates, or include other solvents used for their crystallization. 

• 

The pharmaceutical compositions according to the invention are those suitable for 
enteral, such as oral or rectal, transdermal and parenteral administration to mammals, 
including man, to inhibit aldosterone synthase, and for the treatment of conditions 
associated with aldosterone synthase activity. Such conditions include hypokalemia, 
hypertension, congestive heart failure, renal failure, in particular chronic renal failure, 
restenosis, atherosclerosis, syndrome X. obesity, nephropathy, post-myocardial infarction, 
coronary heart diseases, increased formation of collagen, fibrosis, and remodeling following 
hypertension and endothelial dysfunction. The said pharmaceutical compositions comprise 
a therapeutically effective amount of a pharmacologically active compound of the instant 
invention, alone or in combination with one or more pharmaceuticaliy acceptable carriers. 
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The pharmacologically active compounds of the invention are useful in the 
manufacture of pharmaceutical compositions comprising a therapeutically effective amount 
thereof in conjunction or admixture with excipients or carriers suitable for either enteral or 
parenteral application. Preferred are tablets and gelatin capsules comprising the active 
ingredient together with: 

a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or 
glycine; 

b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salt and/or 
poiyethyleneglycol; for tablets also 

c) binders, e.g.. magnesium aluminum silicate, starch paste, gelatin, tragacanth, 
methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone; if 
desired 

d) disintegrants, e.g.. starches, agar, alginic acid or its sodium salt, or effervescent 
mixtures; and/or 

e) absorbants, colorants, flavors and sweeteners. 

Injectable compositions are preferably aqueous isotonic solutions or suspensions, and 
suppositories are advantageously prepared from fatty emulsions or suspensions. Said 
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, 
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic pressure 
and/or buffers. In addition, they may also contain other therapeutically valuable substances. 
Said compositions are prepared according to conventional mixing, granulating or coating 
methods, respectively, and contain about 0.1-75%. preferably about 1-50%. of the active 
ingredient. 

Suitable formulations for transdermal application include a therapeutically effective 
amount of a compound of the invention with carrier. Advantageous carriers include 
absorbable pharmacologically acceptable solvents to assist passage through the skin of the 
host. Characteristically, transdermal devices are in the form of a bandage comprising a 
backing member, a reservoir containing the compound optionally with carriers, optionally a 
rate controlling barrier to deliver the compound of the skin of the host at a controlled and 
pre-determined rate over a prolonged period of time, and means to secure the device to the 
skin. 
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The pharmaceutical formulations contain a therapeutically effective amount of a 
compound of the invention as defined above, either alone or in a combination with another 
therapeutic agent, e.g., each at an effective therapeutic dose as reported in the art Such 
therapeutic agents include anti-obesity agents, such as oriistat, anti-hypertensive agents, 
inotropic agents and hypolipidemic agents, e.g., loop diuretics, such as ethacrynic acid, 
furosemide and torsemide; angiotensin converting enzyme (ACE) inhibitors, such as 
benazepril, captopril. enalapril, fosinopril, lisinopril, moexipril, perinodopril, quinapril, ramipril 
and trandolapril; inhibitors of the Na-K-ATPase membrane pump, such as digoxin; 
neutralendopeptidase (NEP) inhibitors; ACE/NEP inhibitors, such as omapatrilat, sampatrilat 
and fasidotril; angiotensin II antagonists, such as candesartan, eprosartan, irbesartan, 
losartan, telmisartan and valsartan, in particular valsartan; p-adrenergic receptor blockers, 
such as acebutolol, atenolol, betaxolol. bisoprolol, metoprolol, nadolol, propranolol, sotalol 
and timolol; inotropic agents, such as digoxin, dobutamine and milrinone; calcium channel 
blockers, such as amlodipine, bepridil, diltiazem, felodipine, nicardipine, nimodipine, 
nifedipine, nlsoldipine and verapamil; and 3-hydroxy-3-methyl-glutaryl coenzyme A 
reductase (HMG-CoA) inhibitors, such as lovastatin, pitavastatln, simvastatin, pravastatin, 
cerivastatin, mevastatin, velostatin, fluvastatin, dalvastatin, atorvastatin. rosuvastatin, 
fluidostatin and rivastatin. A compound of the present invention may be administered either 
simultaneously, before or after the other active ingredient, either separately by the same or 
different route of administration or together in the same pharmaceutical formulation. 

A unit dosage for a mammal of about 50-70 kg may contain between about 1 and 
1000 mg, advantageously between about 5-500 mg of the active Ingredient. The 
therapeutically effective dosage of a compound of formula I is dependent on the species of 
warm-blooded animal (mammal), the body weight, age and individual condition, on the form 
of administration and on the compound involved. 

The compounds of the present invention are inhibitors of aldosterone synthase, and 
thus may be employed for the treatment of conditions associated with aldosterone synthase 
activity, as described herein, e.g.. hypokalemia, hypertension, congestive heart failure, renal 
failure, in particular, chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity, 
nephropathy, post-myocardial infarction, coronary heart diseases, increased formation of 
collagen, fibrosis and remodeling following hypertension and endothelial dysfunction. 

The above-cited properties are demonstrable in vitro and in vivo tests using 
advantageously mammals, e.g., mice, rats, dogs, monkeys or isolated organs, tissues and 
preparations thereof. Said compounds can be applied in vitro in the form of solutions, e.g.. 
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preferably aqueous solutions, and in vivo either enterally, parenterally, advantageously 
intravenously, e.g., as a suspension or in aqueous solution. The dosage in vitro may range 
between about 1 O 3 molar and 10 s molar concentrations. A therapeutically effective amount 
in vivo may range depending on the route of administration, between about 0.1 and 
500 mg/kg, preferably between about 1 and 100 mg/kg. 

The activity of a compound according to the invention can be assessed by the 
following methods or methods well-described in the art 

The aldosterone synthase inhibitory activity in vitro may be determined as follows: 

Adult male Sprague-Dawley rats weighing 125-150 g are obtained from Harlan 
Farms.. All animals are caged in pairs and maintained under standard conditions of light and 
temperature. The animals are placed on a sodium depleted diet (0.01-0.02%) from Harland 
Teklad, Madison Wl (cat# TD90228) and maintained on normal drinking water ad libitum. 
The animals are maintained on this diet for two to four weeks prior to harvesting the adrenal 
glomerulosa cells. The rats are killed by C0 2 inhalation, and the adrenals are immediately 
removed and placed in the same ice-cold buffer used during homogenization and assay of 
the enzyme preparation. The adrenals are decapsulated to obtain the glomerulosa tissue. 
The tissue is homogenized in a glass homogenizer containing Tris assay buffer (8.5 mM 
MgCI 2 , 2.7 mM CaCI 2 . 3.13 mM KCI, 7.59 mM NaCI, 0.1% TEA and 50 mM Tris HCI 
adjusted to pH 7.4). The homogenate is diluted so that 37.5 mg of glomerulosa tissue is in 
each mL of buffer. The homogenate is centrifuged at 4°C at 900 x g for 10 minutes. To 
start the assay, and 200 uL aliquots (450-550 ug of protein) of the adrenal cytosolic 
preparation is added to each glass tube containing 2.5 x 10" 4 M NADPH, 4x10"° M 
corticosterone. The final corticosterone concentration consisted of 4 x 10" 6 M corticosterone 
(C-2505, Sigma Chemical Co, St. Louis. MO) and 1 x 10" 8 M [1,2,6,7- 3 H] corticosterone 
(70 Ci/mM; NET 399; NEN™ Life Sciences Product, Inc., Boston. MA) and various 
concentrations of the putative aldosterone synthase inhibitor as indicated. The final volume 
of the incubation mixture is 0.5 mL. The mixture is incubated for 1 hour at 25°C in a 
Dubnoff shaking incubator at 1 atm of 95% Oz/5% CO z . The reaction is stopped by the 
addition of 7 mL EtOAc, and the steroids extracted after vortexing. The water phase is 
extracted again with 3 mL of EtOAc. The combined extracts are dried under nitrogen, 
reconstituted in EtOAc, and spotted on silica gel TLC plates (LK6F; cat. # 4866-820; 
Whatman, Inc. Clifton, NJ). The chromatograms are developed in a solvent system of 
toluene:acetone:water (120:80:0.8 v / v ) for 60 minutes. The plates are scanned for 
radioactivity with a Bioscan System 200 Imaging Scanner (Bioscan, Ish. DC). The two 
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products of the aldosterone synthase. 18-OH-corticosterone and aldosterone are scraped 
and counted in a liquid scintillation counter (Beckman LS6000TA, Beckman Instr., Palo Alto, 
CA). 

The ICsoS are determined from a logiWog plot (pseudo-Hill plot) according to the 
equation (see Pratt and Taylor, Eds. "Principles of Drug Action", Churchill Livingstone Inc. 
NY (1990)): 

log P/(100-P) = n log[0 + n log IC50 

where P is the percent competition of specific binding in the presence of a given 
concentration of inhibitor (I). The slope (Hill Coefficient) and x intercept (IC 50 ) are 
determined by linear regression of the experimental data. The Km(app) is calculated by a 
computer program according to the Hanes equation (see Cornish-Bowden, Ed., "Principles 
of Enzyme Kinetics", Butterworth & Co., Boston, MA (1976)): 

s/v = Km/V + s/V 

where Km = Michaelis constant. V - maximum velocity, s = substrate concentration, v = 
velocity. 

The aromatase inhibitory activity in vitro may be determined as follows: 

Human placental microsome fraction is prepared from freshly delivered human term 
placenta as previously described with minor modifications (see Steele et al., Steroids, 
Vol. 50, pp. 147-161 (1987)). The tissue is freed of membranes and large vessels and 
rinsed repeatedly with 0.15 M KCI (4°C). It is then minced in 0.25 M sucrose and 
homogenized. The homogenate is centrifuged at 20,000 x g for 30 minutes. The 
supernatant is then centrifuged at 148.000 x g for 60 minutes. The microsomal pellet 
obtained is re-suspended in 0.05 M potassium phosphate buffer pH 7.4 and centrifuged 
again at 148,000 x g for 60 minutes. The resulting pellet is re-suspended in phosphate 
buffer, divided into aliquots, and stored at -40°C. 

Human placental aromatase assay is performed in a incubation mixture consisting 
of: 12.5 mM phosphate buffer (12.5 mM KH 2 P0 4 , 1 mM EDTA, 1.6 mM dithiothreitol and 
1.0 g/L of albumin; pH 7.5), NADPH (2.4 x 10" 4 M), 1B- 3 H androstenedione (1 x 10" 7 M) and 
the appropriate concentration of the desired inhibitor. The assay is started by pipetting the 
appropriate amount 50-500 ug of the human placental microsome preparation into the 
incubation mixture. The mixture is incubated at 37°C for 20 minutes and stopped by 
addition of 6 volumes of chloroform. The samples are immediately vortexed and 
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centrifuged. The aqueous layer is carefully removed so as to avoid contamination with 
chloroform. The aqueous fraction is treated with an equal volume of a 5% aqueous 
suspension of charcoal to remove any substrate not extracted by the chloroform. After 
centrifugation an aliquot of the aqueous phase is counted in a liquid scintillation counter. 
The enzymatic activity for each concentration of inhibitor is calculated as a percent of the 
vehicle control, which is arbitrarily set at 100%. Therefore, the relative enzyme inhibition is 
expressed as a percentage: 100% minus % enzyme activity with inhibitor present. 

The aldosterone synthase inhibitory activity for reduction of cardiac damage in vivo 
may be evaluated as follows: 

The protocol is nearly identical to that previously described (see Rocha et al., 
Endocrinology, Vol. 141, pp. 3871-3878 (2000)) with minor modifications. The rats are 
housed in individual cages and given 0.9% NaCI as drinking fluid ad libitum throughout the 
experiment. Three days later rats are placed on one of the three dosing protocols. Group 1 
(control) receives L-NAME for 14 days, and on day 1 1 of L-NAME treatment, an osmotic 
mini-pump containing only saline is implanted in each animal subcutaneously (s.c). 
Group 2 (/L-NAME/Ang II) received L-NAME for 14 days, and on day 11 of L-NAME 
treatment, an osmotic mini-pump containing Ang II is implanted in each animal s.c. 
Group 3 (L-NAME/Ang II/ test compound) is treated similarly to Group 2 but receives test 
compound (4 mg/kg/day) orally once a day. The test compound is dissolved in distilled 
water and given by gavage; whereas Groups 1 and 2 receive the vehicle. The experiment is 
concluded on day 14 of L-NAME treatment. The L-NAME (Sigma Chemical Co., SL Louis, 
MO) is administered in the 0.9% NaCI drinking water at a concentration of 60 mg/100 mL 
which results in a daily intake of approximately 60 mg/kg. Ang II is administered via Alzet 
osmotic mini-pumps (Model 2001; Alza Corp, Palo Alto, CA). The mini-pump is implanted 
s.c. at the nape of the neck. Ang II (human, 99% peptide purity) is purchased from Sigma 
Chemical Co., St. Louis, MO and administered at a dose of 225 ug/kg/day in saline. The 
concentration of Ang II used to fill the pumps Is calculated based upon: (a) the mean pump 
rate provided by the manufacturer; (b) the body weight of the animals on the day before 
implantation of the pumps; and (c) dose planned. The rats are sacrificed on day 14. Their 
hearts are removed and sliced through the ventricle/atrium in a "bread-loaf manner, yielding 
three samples from the following gross cardiac regions: superior, middle and inferior. The 
samples are fixed in 10% buffered formalin. Paraffin sections are cut and stained with 
hematoxylin/eosin. A single investigator who is blinded to the experimental groups views 
slides. One slide from each of three gross cardiac sample regions is analyzed per raL 
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Cardiac sites (left and right ventricles and the septum) are evaluated separately. The entire 
section is assessed histologically for the presence of myocardial damage (regardless of the 
severity) as evidenced by the presence of myocyte necrosis, inflammatory cells, 
hemorrhage and general tissue disruption. Evaluation of the histological data is made by 
comparing Groups 2 and 3, i.e., ANG II with or without test compound. 

Illustrative of the invention, the compounds of Examples 1, 3 and 32 inhibit the 
aldosterone synthase activity with an IC50 value of about 12 nM, 4 nM and 9 nM, 
respectively. 

The following Examples are intended to illustrate the invention and are not to be 
construed as being limitations thereon. If not mentioned otherwise, all evaporations are 
performed under reduced pressure, preferably between about 10 and 100 mmHg 
(= 20-133 mbar). The structure of final products, intermediates and starting materials is 
confirmed by standard analytical methods, e.g., microanalysis, melting point (m.p.) and 
spectroscopic characteristics, e.g., MS, IR, NMR. Abbreviations used are those 
conventional in the art. The concentration for [a] D determinations is expressed in mg/mL. 

Example 1 

4-(7-CyclopropyImethyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazln-5-yl)- 
benzonitrile 



A. 1 -Trityl-4-hydroxymethyM H-imidazole 

To a stirred solution of 4(5)-hydroxymethylimidazole (15.7 g, 117 mmol) in DMF 
(200 mL) is added TEA (40.0 mL, 287 mmol) followed by trityl chloride (34.3 g, 123 mmol). 
The reaction mixture is stirred at RT for 8 hours before it is poured into water. The collected 
solid is washed successively with water and diethyl ether and dried under reduced pressure. 
The solid is then re-crystallized from 1,4-dioxane to yield 1-trityl-4-hydroxymethyl-1H- 




N 
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imidazole: m.p. 228-230X; 1 H-NMR (DMSO-d e ) 5 7.37 (9H, m), 7.35 (1H, s), 7.09 (6H, m), 
6.78 (1H. s), 4.90 (1H, br s), 4.34 (2H, s); e/z (ES) 341 (M+1. 5%), 243 (100%). 

B. 4-Acetoxymethyl-1 -trityl-1 H-imidazoie 

To a suspension of the title A compound 1-trityl-4-hydroxymethyHH-imidazole 
(34.5 g, 101 mmol) in pyridine (200 mL) is added acetic anhydride (28.6 mL, 303 mmol) in a 
dropwise fashion and the reaction is stirred until it becomes clear. The reaction mixture is 
poured into EtOAc and then washed with 0.5N aqueous HCI, saturated aqueous sodium 
bicarbonate and brine. The combined organic phases are dried over anhydrous sodium 
sulfate and then filtered through a silica pad yielding a solid after removal of the solvent in 
vacuo. The solid is triturated with diethyl ether to give 4-acetoxymethyl-1-tritylimidazole: 
m.p. 133-134°C; 1 H-NMR (DMSO-d 6 ) 5 7.42 (10H, m), 7.09 (6H, m). 6.99 (1H, s), 4.89 (2H, 
s), 1.99 (3H, s); e/z (ES) 383 (M+1 , 5%), 243 (100%). 

C. 4-(5-Acetoxymethyl-imidazoyl-1-ylmethyl)-benzonitrile hydrobromide 

The title B compound 4-acetoxymethyl-1-tritylimidazole (35.4 g, 92.7 mmol) and 
4-cyanobenzylbromide (18.3 g, 93.3 mmol) are combined in EtOAc and heated at reflux for 
16 hours, the precipitated solid is filtered off, and washed thoroughly with EtOAc. The 
combined filtrate is eveporated to 30 mL and heated at reflux for 1 hour and the precipitate 
again filtered off and washed with EtOAc. This is repeated by heating the EtOAc (10 mL) 
for 1 hour and filtering. The combined solids are dissolved in methanol and heated at reflux 
for 1 hour before evaporating the solvent in vacuo. The residue is triturated with diethyl 
ether to yield 4-(5-acetoxymethyl-imidazoyl-1-ylmethyl)-benzonitrile hydrobromide: 1 H-NMR 
(DMSO-d 6 ) 8 9.38 (1H, s), 7.92 (2H, d, J = 8.4), 7.90 (1H, s), 7.48 (2H, d, J = 8.4), 6.99 (1H, 
s), 5.67 (2H, s), 5.10 (s, 2H), 1.75 (3H, s). 

D. 4-(5-Hydroxymethyl-imidazoyl-1 -ylmethyl)-benzonitrile 

To the title C compound 4-(5-acetoxymethyl-imidazoyH-ylmethyl)-benzonitrile 
hydrobromide (28.9 g, 86.0 mmol) in THF:water (3:1, 400 mL) at 0°C is added lithium 
hydroxide (10.8 g, 258 mmol) and the reaction warmed over 3 hours and subsequently 
stirred at RTfor 12 hours. The reaction volume is reduced in vacuo and the residue is 
partitioned between EtOAc and saturated aqueous sodium bicarbonate. After washing with 
brine the combined organic phases are dried over anhydrous sodium sulfate and 
concentrated in vacuo to yield a solid which is triturated with diethyl ether to give 
4-(5-hydroxymethyl-imidazoyl-1-ylmethyl)-benzonitrile: m.p. 162-164°C; 1 H-NMR (DMSO- 
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d 8 ) 57.83 (2H, d, J - 8.3). 7.73 (1H, s), 7.30 (2H, d, J = 8.3), 6.87 (1H, s). 5.35 (2H, s), 5.15 
(2H, t, J = 5.3), 4.30 (2H, d, J = 5.3); e/z (ES) 214 (M+1, 100%). 

E. 4^5-^utyl<Iimethylsilanyloxymethyl-lm!dazoyl-1-ylmethyl)-berizonitrile 

To a solution of the title D compound 4-(5-hydroxymethyl-imidazoyl-1-ylmethyI)- 
benzonitrile (13.6 g, 63.8 mmol) in DMF (30 mL) is added imidazole (6.8 g, 100 mmol) 
followed by TBDMSiCI (10.0 g, 66.3 mmol). The reaction mixture is stirred at RT for 
2 hours, then partitioned between EtOAc and saturated aqueous sodium bicarbonate. The 
organic solution is dried over anhydrous sodium sulfate and removal of the solvent in vacuo 
yields a solid which is subjected to flash chromatography (silica gel) eluting with EtOAc to 
give 4-(5-f-butyl-dimethylsilanyloxymethyl-imidazoyl-1-ylmethyl)-benzonitrile: m.p. 77-79°C; 
1 H-NMR (DMSO-ds) 5 7.89 (2H, d, J = 8.2), 7.83 (1H. s). 7.31 (2H, d, J = 8.2), 6.98 (1H, s), 
5.42 (2H, s), 4.59 (2H, s), 0.82 (9H, s), 0.00 (6H. s); 13 C-NMR (DMSO-d6) 8 164.6, 143.7, 
139.5, 132.9, 130.8, 128.4, 127.8, 119.0, 110.6, 54.9, 47.5, 26.0, 18.1,-5.2; e/z (ES) 328 
(M+1, 100%). 

F. Methyl [5-(*-butyl-dimethylsilanyloxymethyl)-imidazol-1-yl]-(4-cyano-phenyf)- 
acetate 

To a solution of the title E compound 4-(5-f-butyl-dimethylsilanyloxymethyl-imidazoyl- 
1-ylmethyl)-benzonitrile (10.4 g, 31 .8 mmol) in THF (100 mL) at -78°C is added dropwise 1.0 
M LHMDS (67.0 mL, 67.0 mmol) and stirred for 10 minutes. Methyl cyanoformate (2.55 mL, 
31.8 mmol) is added and the solution stirred for 10 minutes before quenching the reaction 
with acetic acid. On warming the reaction mixture is partioned between ammonium chloride 
and EtOAc, thereafter the combined organic phases are dried over anhydrous sodium 
sulfate and removal of the solvent in vacuo yields a viscous oil. The crude reaction mixture 
is subjected to flash chromatography (silica gel) eluting with EtOAc:MeOH:NH 4 OH 
(go: 10:0.1) to give the desired material which is re-crystallized from diethyl ether.hexane to 
give methyl [5-(f-butyl-dimethylsilanyloxymethyl)-imidazol-1-yll-(4-cyano-phenyl)-acetate as 
a solid: m.p. 83-84°C; 'H-NMR (CDCI 3 ) 8 7.66 (2H, d, J = 8.3), 7.60 (1H, s), 7.35 (2H, d, J 
= 8.3), 6.92 (1H, s), 4.63 (1H, d, 13.4), 4.56 (1H, d, J = 13.4). 3.81 (3H, s), 0.81 (9H, s), 
0.00 (3H. s). -0.01 (3H, s); 13 C-NMR (CDCI 3 ) 8 168.0, 164.4, 139.4, 137.6, 132.6, 130.2, 
128.0. 127.5, 117.6. 112.9, 60.3. 54.9, 53.0, 25.4, 17.8, -5.7, -5.8; e/z (ES) 386 (M+1, 
100%); calculated for CaoHzyNaOaSi, C 62.31 H 7.06 N 10.90. found C 62.36 H 6.92 N 11.06. 
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G. Methyl 1 -(4-cyano-phenyl)-(5-hydroxymethyl-Imidazol-1 -y l)-acetate 

The title F compound methyl [5-(f-butyI-dimethylsilanyloxymethyl)-imidazol-1-yl]-(4- 
cyano-phenyl)-acetate (9.65 g f 25.06 mmol) and p-toluenesulfonic acid (6.0 g, 31.50 mmol) 
are stirred in MeOH (100 mL) at RT for 24 hours. The reaction mixture is evaporated to an 
oil and partitioned between EtOAc and sodium bicarbonate. The combined organic phases 
are dried over anhydrous sodium sulfate and concentrated In vacuo to yield a solid, which is 
triturated with diethyl ether to give methyl 1-(4-cyano-phenyl)-(5-hydroxymethyl-imidazol-1- 
yl)-acetate: 1 H-NMR (DMSO-d 6 ) 5 7.92 (2H, d, J = 8.3), 7,62 (2H, d, J = 8.3), 7.61 (1H f s), 
6.83 (1H, s), 6.48 (1H, s), 5.26 (1H f t, J = 5.3), 4.47 (2H, d, J = 5.3), 3.75 (3H, s); 13 C-NMR 
(DMSO-dQ) 8 168.9, 164.4, 140.6, 137.9, 133.3, 132.1, 129.6, 127.0, 118.6, 112.1, 60.3, 
53.5, 53.0; e/z (ES) 272 (M+1, 100%). 

H. Methyl 1 -(4-cyano-phenyl)-(5-f ormyl-imidazol-1 -yl)-acetate 

To a solution of the title G compound methyl 1-(4-cyano-phenyl)-(5-hydroxymethyl- 
imidazol-1-yl)-acetate (5.60 g, 20.7 mmol) in DCM (100 mL) is added Dess-Martin 
periodinane (15% wt solution, 65 mL, 30 mmol) and the reaction is stirred for 3 hours. The 
reaction mixture is partitioned between EtOAc and sodium bicarbonate-sodium thiosulfate. 
The combined organic phases are washed with brine and dried (anhydrous sodium sulfate) 
and evaporated to a solid. Re-crystallization from EtOAc:hexane gives methyl 1-(4-cyano- 
phenylH5-formyl-imidazol-1-yl)-acetate: m.p. 148-150°C; 1 H-NMR (CDCI 3 ) 5 9.75 (1H, s), 
7.88 (1H, s), 7.78 (2H, d, J = 8.3). 7.73 (1H, s), 7.51 (2H f d, J = 8.3), 6.95 (1H. s), 3.84 (3H, 
s); 13 C-NMR (CDCI 3 ) 8 180.0, 168.4, 165.0, 144.5, 143.3138.5, 133.6, 131.1, 129.6, 118.1, 
114.3, 62.2, 53.9; e/z (ES) 270 (M+1, 100%); calculated for C^HnNaOs. C 62.45 H 4.12 
N 15.61, found C 62.13 H 4.20 N 15.33. 

I. 4-(7-CyclopropylmethyI-6-oxo-5 l 6,7,8-tetrahydro-imldazo[1 ,5-a]pyrazin-5-yl)~ 
benzonitrile 

To a solution of the title H compound methyl 1-(4-cyano-phenyl)-(5-formyl-imidazol- 
1-yl)-acetate (0.135 g, 0.50 mmol) in DCE (4 mL) is added cyclopropylmethylamine 
(0.060 mL, 0.70 mmol) followed by sodium triacetoxyborohydride (0.300 g, 1 .41 mmol). The 
reaction mixture is stirred at RT for 16 hours. The reaction is partitioned between EtOAc 
and saturated aqueous sodium bicarbonate and the organic solution is washed with brine 
before drying (anhydrous sodium sulfate). The solid obtained after removal of the solvent 
in vacuo is re-crystallized from acetonerdiethyl ether to yield 4-(7-cyclopropylmethyl-6-oxo~ 
5,6,7,8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)-benzonitrile: m.p. 146-147°C; 
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1 H-NMR (CDCI3) 7.64 (2H, d, J = 8.3), 7.40 (1H. s), 7.07 (2H. d, J = 8.3), 6.74 (1H, s), 6.07 
(1H, s). 4.57 (1H, d, J = 16.1), 4.43 (1H, d, J = 16.1), 3.14 (1H. dd, J = 13.8, 10.0), 3.03(1H, 
dd, J = 13.8, 7.2), 0.75 (1H, m), 0.19 (2H, m), 0.00 (2H, m); 13 C-NMR (CDCI 3 ) 8 164.2, 
142.7, 135.2. 133.2, 127.7, 123.4, 122.9, 118.7, 111.7, 60.1, 51.0, 42.1, 9.2. 3.6, 3.3; e/z 
(ES) 293 (M+1. 100%); calculated for C 17 H 16 N 4 0 0.15 H 2 O t C 69.21 H 5.57 N 18.99. found 
C 69.10 H 5.50 N 19.27. 

Example 2 

4-(7-Methyl-6-oxo-5 > 6,7,8-tetrahydro-imldazo[1,5-a]pyrazin-5-yl)-benzonitrile 
hydrochloride 



The title compound is prepared analogously to Example 1, i.e., 4-(7-methyl-6-oxo- 
5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzonitrile, obtained analogously to 
Example 1, is dissolved in acetone, then treated with Et 2 0-HCI(g) to afford the hydrochloride 
salt: m.p. 222-224°C; 1 H-NMR (DMSO-d 6 ) 9.07 (1H. s), 7.92 (2H, d. J = 8.2), 7.48 (1H, s). 
7.49 (2H. d. J = 8.2), 6.46 (1H. s). 4.83 (2H. s), 3.03 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 162.5, 
140.5, 134.3, 133.4, 128.7, 125.1, 118.6, 115.7, 112.4, 60.9. 43.1, 34.9; e/z (ES) 253 (M+1, 
100%); calculated for Ci 4 H 12 N 4 0 HCI 0.4 H 2 0, C 56.82 H 4.70 N 18.93, found C 56.88 
H 4.54 N 18.89. 



4-(7-Benzyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzonitrile 




Example 3 
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The title compound is prepared analogously to Example 1: m.p. 163-165°C; 
1 H-NMR (DMSO-d 6 ) 8 7.89 (2H, d, J = 8.3), 7.63 (1H, s), 7.29 (5H, m), 7.18 (2H, m). 6.93 
(1H. s), 4.73 (1H, d, J = 14.9), 4.63 (1H, d, J = 16.1), 4.56 (1H, d. J = 14.9), 4.53 (1H, d, J = 
16.1); 13 C-NMR (DMSO-d 6 ) 8 164.5, 142.6, 136.5, 135.3, 133.3, 129.0, 128.0. 127.9, 127.7. 
123.5, 122.6, 118.7, 111.7. 60.2, 50.0, 41.9; e/z (ES) 329 (M+1, 100%); calculated for 
C20H16N4O, C 73.15 H 4.91 N 17.06, found C 72.83 H 4.71 N 17.07. 



4-(7-Allyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzonitrIle 



The title compound is prepared analogously to Example 1: m.p. 107-109°C; 
'H-NMR (DMSO-d 6 ) 8 7.88 (2H, d. J = 8.3). 7.62 (1H, s). 7.30 (2h. d, J = 8.3), 6.97 (1H, s), 
6.34 (1H, s), 5.73 (1H. m), 5.15 (1H, dd. J = 10.3, 1.4). 5.09 (1H, dd, J = 17.1, 1.4), 4.62 
(1H, d. J = 16.1), 4.58 (1H, d, J = 16.1). 4.12 (1H. dd. J = 15.4. 6.4). 3.99 (1H. dd. J = 15.4. 
5.8); 1? C-NMR (DMSO-d 6 )8 164.1, 142.6, 135.3, 133.3. 132.3. 127.7. 123.4, 122.7, 118.1, 
111.7, 60.1, 49.1, 41.7; e/z (ES) 279 (M+1 . 100%); calculated for C ie H 14 N40, C 69.05 
H 5.07 N 20.13, found C 68.84 H 5.05 N 20.07. 



4-(6-Oxo-7-propyl-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazln-5-yl)-benzonitrile 



Example 4 




Example 5 
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The title compound is prepared analogously to Example 1: m.p. 97-98°C; 
1 H-NMR (DMSO-de) 8 7.87 (2H, d. J = 8.3). 7.63 (1H, s), 7.28 (2H, d, J = 8.3), 6.96 (1H, s), 
6.29 (1H, s), 4.69 (1H. d, J = 16.1). 4.59 (1H, d, J = 16.1), 3.36 (2H. m), 1.48 (2H, m), 0.75 
(3H, t. J = 7.4); 13 C-NMR (DMSO-d 6 ) 5 164.2. 142.7, 135.3, 133.3, 132.3, 127.6, 123.3, 
122.9, 118.7, 111.6, 60.1, 48.5, 41.9, 20.0, 11.2; e/z (ES) 281 (M+1. 100%); calculated for 
CieHi6N 4 0. C 68.55 H 5.75 N 19.99, found C 68.30 H 5.72 N 19.95. 



4-(7-lsopropyl-6-oxo-5,6,7,8-tetrahydro-imldazo[1,5-a]pyra2ln-5-yl)-benzonitrile 



The title compound is prepared analogously to Example 1: m.p. 122-124°C; 
1 H-NMR (DMSO-de) 8 7.87 (2H, d. J = 8.3), 7.64 (1H, s), 7.28 <2H, d, J = 8.3). 6.97 (1H. s). 
6.28 (1H, s), 4.69 (1H, d, J = 16.1), 4.65 (1H, m), 4.36 (1H. d, J = 16.1), 1.12 (3H. d, J = 
6.8), 1.07 (3H, d, J = 6.8); 13 C-NMR (DMSO-d 8 ) S 163.8, 142.5. 135.2, 133.3, 127.6, 123.4, 
123.2, 118.7, 111.6. 60.3, 45.3, 35.7. 19.1. 19.0; e/z (ES) 281 (M+1, 100%); calculated for 
CwH^MtO, C 68.55 H 5.75 N 19.99, found C 68.17 H 5.73 N 19.89. 

Example 7 

4-(7-[2-(4-Fluoro-phenyl)^thyI]-6^xo-5,6J,84etrahydro-imidazo[1,5-a]pyrazln-5-yl)- 
benzonitrile hydrochloride 



The title compound is prepared analogously to Example 2: m.p. 160-162 6 C; 
1 H-NMR (DMSO-de) 8 9.12 (1H, s), 7.88 (2H, d, J = 8.2), 7.74 (1H, s), 7.33 (2H. d. J = 8.2). 
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Example 6 






7.16 (2H, m), 6.98 (2H, m), 6.47 (1H, s), 4.82 (1H, d, J = 16.5), 4.61 (1H, d, J = 16.5), 3.87 
(1H, m), 3.55 (1H, m), 2.82 (2H, m); 13 C-NMR (DMSO-d 6 ) 5 162.5. 161.2 (d, J =, 242.2), 
139.9, 134.5 (d, J = 3.0), 134.4, 133.3, 130.8 (d, J = 8.3), 128.2, 125.2, 118.6, 115.8, 115.3 
(d, J = 21.1), 112.3, 61.1,48.3, 41.4, 31 .7; e/z (ES) 361 (M+1, 100%); calculated for 
C 2 iH 17 N 4 OF HCI 0.1 H z O, C 63.27 H 4.35 N 14.05. found C 63.04 H 4.46 N 14.02. 

Example 8 

4-(7^3-Morpholin^-yl^ropyl^-oxo-5,67,84etrahydro-imidazo[1,5^]pyrazin-5-yl)- 
benzonitrile dihydrochloride 



The title compound is prepared analogously to Example 2: m.p. 246-248°C; 
1 H-NMR (DMSO-d 6 ) 8 9.13 (1H, s). 7.93 (2H, d, J = 8.3), 7.78 (1H, s), 7.55 (2H, d, J = 8.3). 
6.53 (1H. s), 4.91 (2H. s). 3.85 (4H. m), 3.57 (2H, m), 3.33 (2H, m), 3.00 (4H. m). 2.06 (2H, 
m); 13 C-NMR (DMSO-d e ) 8 163.1, 140.2. 134.3. 133.5, 129.0, 125.2. 118.6. 115.7. 112.4, 
63.4, 61.0, 53.4, 51.2, 51.1. 44.4. 41.3. 21.0; e/z (ES) 366 (M+1, 100%); calculated for 
C20H23N5O2 2 HCI 0.2 H z O, C 54.35 H 5.34 N 15.85, found C 54.25 H 5.68 N 15.84. 



4-I7^4-Methoxy4jenzyl)^oxo-5,6J,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)- 
benzonltrile 




Example 9 
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# 



The title compound is prepared analogously to Example 1: m.p. 155-157°C; 
1 H-NMR (DMSO-d 6 ) 8 7.88 (2H, d, J = 8.3), 7.62 (1H. s), 7.29 (2H, d, J = 8.3), 7.14 (2H, d, 
J = 8.6), 6.92 (1H, s), 6.87 (2H, d, J = 8.6), 6.39 (1H, s), 4.55 (4H, m)3.72 (3H, s); 13 C-NMR 
(DMSO-d 6 ) 8 164.3, 159.1, 142.6. 135.3. 133.3. 129.6, 128.4, 128.0, 127.7, 123.5, 122.6, 
118.7. 114.4, 11 1.7, 65.3, 60.1, 55.4, 49.3, 41.5; e/z (ES) 359 (M+1, 100%); calculated for 
C^HwNUOa, C 70.38 H 5.06 N 15.63, found C 69.98 H 5.15 N 15.50. 



4-I7-(4-Methy!-benavl)-6^xo^,6,7,8-tetrahydro-imidazo[1.5<i]pyrazin-5-yl)-benzonitrlle 



The title compound is prepared analogously to Example 1: m.p. 168-170°C; 
1 H-NMR (DMSO-de) 8 7.88 (2H, d. 8.3), 7.62 (1H. s). 7.29 (2H. d, J = 8.3), 7.11 (2H, d, J = 
8.2), 7.07 (2H. d, J = 8.2), 6.92 (1H, s), 6.40 (1H, s), 4.67 (1H, d. J = 14.7), 4.59 (1H, d, J = 
16.2), 4.51 (1H, d, J = 14.7), 4.49 (1H, d, J = 16.2), 2.26 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 
164.4, 142.6. 137.2./I35.3, 133.5, 133.3, 129.6, 128.1, 127.7, 123.5, 122.6, 118.7, 111.7, 
60.1, 49.6, 41.7, 21 .0; e/z (ES) 343 (M+1 , 100%); calculated for CziH^O, C 73.67 H 5.30 
N 16.36, found C 73.54 H 5.22 N 16.46. 



4-I7^4<:hloro-benzyl)^xc-5,67,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl]-benzonitri!e 
hydrochloride 



Example 10 




Example 1 1 
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33 «0€FD7G«: 



The title compound is prepared analogously to Example 2: m.p. 245-246°C; 
1 H-NMR (DMSO-d 6 ) 9.13 (1H, s), 7.94 (2H, d, J = 8.3), 7.70 (1H. s), 7.52 (2H, d, J = 8.3), 
7.41 (2H, d, J = 8.4), 7.29 (2H, d, J = 8.4), 6.59 (1H, s). 4.77 (1H. d, J = 15.1), 4.74 (1H, d, 
16.8), 4.72 (1H. d, J = 16.8), 4.59 (1H, d, J = 15.1); 13 C-NMR (DMSO-d e ) 8 162.6, 139.6, 
134.7, 134.0, 133.0, 132.2, 129.7, 128.5, 128.3, 124.6, 118.2, 115.4, 112.0, 60.7, 48.9, 
40.8; e/z (ES) 363 (M+1 , 100%); calculated for CzoH^OCI HQI, C 60.16 H 4.04 N 14.03, 
found C 60.17 H 3.89 N 14.08. 

Example 12 

4-[6-Oxo-7-(4-trifluoromethyl-benzyl)-5,6,7,8-tetrahydro-imlda2o[1,5-a]pyrazln-5-yl)- 
benzonitrile hydrochloride 




The title compound is prepared analogously to Example 2: m.p. 234-236 B C; 
'H-NMR (DMSO-d e ) 5 9.16 (1H, s), 7.94 (2H. d, J = 8.3), 7.72 (2H, d, J = 8.0), 7.71 (1H, s). 
7.55 (2H, d, J = 8.3), 7.48 (2H, d, J = 8.0), 6.63 (1H, s), 4.90 (1H, d, 15.5), 4.79 (2H, s), 4.70 
(1H, d, J = 15.5); 13 C-NMR (DMSO-d 6 ) 8 163.2, 141.1, 140.1, 134.2, 133.4, 128.8, 128.6 (q, 
J = 31.7), 125.8 (t. J = 3.8), 125.1, 118.6, 115.8, 112.5, 61.2, 49.7, 41.5; e/z (ES) 397 (M+1, 
100%); calculated for C 21 H 15 N 4 OF 3 HCI, C 58.27 H 3.73 N 12.94, found C 58.06 H 3.70 
N 12.93. 

Example 13 

4-[6-Oxo-7-(3-methyl-benzyl)-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)- 
benzonitrile hydrochloride 
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The title compound is prepared analogously to Example 2: m.p. 275-277°C; 
'H-NMR (DMSO-de) 9.14 (1H, s), 7.95 (2H, d, J = 8.3), 7.70 (1H, s), 7.51 (2H, d, J = 8.3), 
7.23 (1H. d, J = 7.6). 7.21 (1H, d, J = 7.6), 7.10 (1H, d, J = 7.6), 7.02 (1H, d, J = 7.6), 6.97 
(1H, s), 6.60 (1H, s), 4.69 (4H, m), 2.23 (3H, s); ,3 C (DMSO-d 8 ) 162.4, 139.7, 137.8, 135.5, 
1340, 133.0, 128.5, 128.2, 128.1. 124.8. 124.6, 118.1, 115.4, 112.0, 60.7, 49.3, 40.6. 20.8; 
e/z (ES) 343 (M+1. 100%); calculated for C^H^O HCI, C 66.57 H 5.05 N 14.67. found 
C 66.38 H 5.02 N 14.84. 



446^xo-7-(4-fluoro-benzyl)^,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl]-benzonitrile 



The title compound is prepared analogously to Example 1: m.p. 132-135°C; 
1 H-NMR (DMSO-da) 5 7.88 (2H, d, J = 8.2), 7.61 (1H. s). 7.27 (4H. m). 7.19 (2H, m.), 6.93 
(1H, s), 6.39 (1H, s). 4.64 (4H, m); 13 C-NMR (DMSO-d 6 ): 8 164.1, 161.5 (d. J = 243.0). 
142.1, 134.9, 132.9, 132.4 (d, J = 3.0), 129.8 (d, J = 8.3). 127.3, 123.0, 122.1, 118..3, 115.4 
(d. J = 21.1), 111.3, 59.7, 48.8, 41.4; e/z 347 (M+1. 100%); calculated C2oH 15 FN 4 0 0.1 H 2 0, 
C 69.00 H 4.40 N 16.09, found C 68.72 H 4.35 N 16.10. 

Example 15 

4-[6-Oxo-7K3-trifluoromethyl-benzyl)-5,6,7,8-tetrahydro-imldazo[1,5-a]pyrazin-5-yl)- 
benzonitrile hydrochloride 



Example 14 
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The title compound is prepared analogously to Example 2: m.p. 250-252°C; 
'H-NMR (MeOH-d 4 ) 5 9.01 (1H, s), 7.83 (2H, d, J ■ 8.1), 7.65 (1H, s), 7.61 (1H, d, J = 6.3), 
7.54 (2H, rh), 7.52 (1H, s), 7.49 (2H, d. J = 8.1). 6.54 (1H, s), 4.93 (1H, d, J = 15.0), 4.86 
(1H, d, J = 16.5), 4.78 (1H, d, J = 15.0), 4.72 (1H, d, J = 16.5); 13 C-NMR (MeOH-d 4 ) 8 164.6, 
140.2, 138.3, 135.6, 134.4, 133.0. 132.2 (q, J = 31.9), 130.9, 129.2, 127.0, 126.0 (d, J = 
4.0), 125.8 (d, J = 4.0), 125,4 (q, J = 272.3), 118.8, 116.9, 114.8, 63.1, 51.3, 42.3; e/z (ES) 
397 (M+1, 100%); calculated for C 2 iH 15 F 3 N40 HCI, C 58.27 H 3.73 N 12.94, found C 57.91 
H 3.86 N 12.74. 

Example 16 

4-[6-Oxo-7-(3, 4-dichloro-benzyl)-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)- 
benzonltrile 



The title compound is prepared analogously to Example 1: m.p. 175-176°C; 
1 H-NMR (DMSO-de) 8 7.89 (2H, d, J = 8.0), 7.60 (2H, m), 7.34 (3H, m), 7.19 (2H, d, J = 8.2), 
6.94 (1H, s), 6.40 (1H, s), 4.64 (4H, m); 13 C-NMR (DMSO-d 8 ) 8 164.3, 142.0, 137.5, 134.9, 
132.9, 131.1, 130.7, 130.1. 129.5, 127.9, 127.3, 123.1, 122.0, 118.3, 114.5, 111.4, 59.7, 
48.6, 41.9; e/z (ES) 397 (M+1, 100%); calculated for CzoHul^OCfe, C 60.47 H 3.55 N 14.10, 
found C 60.18 H 3.64 N 14.07. 




Example 17 



The following compounds are prepared analogously to Example 1 . 
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Example 


B 


K 


e/z (ES) (M+1, 100%) 


j 17-1 


uyciopropyi- 


a om 


279 


17-2 


oyoonexyi- 


A OKI 

4-cN 


321 


17-3 


cyciopeniyi- 


4-CN 


307 


17-4 


neuioxyeinyi- 


>l OKI 


297 


17-5 


o-m e in oxyp r o pyi~ 


>l OKI 

4-CN 


311 


17-6 


**-pyn ay i meinyi- 


Jl OKI 

4-CN 


330 


17-7 


Denzyi 


4-CI 




17-8 


uenzyi 


3-CI 




17-9 


cyciopropyimetnyi 


4-CI 




! 17-10 


cyciopropyi m etnyj 


3-CI 




17-11 


oenzyi 


yt f— 

4-F 




17-12 


Denzyi 


3-F 




17-13 


cyiH o p ropy i m einyi 


4-F 




17-14 


cyciopropyi meinyi 


3-F 




17-15 


Denzyi 


4-CF 3 




17-16 

If IU 


Denzyi 


3-CF3 




17-17 


cyciop ropy im etnyi 


4-CF3 




If IU 


cy ci opropy imeinyi 


3-CF3 






Denzyi 


3,4-difIuoro 




17-20 


oenzyi 


2,6-difluoro 




17-21 


cyciop ropyimeinyi 


3,4-difIuoro 




1 17-22 


cyciop ropyimeinyi 


2,o-difluoro 




17-23 


uenzyi 


4-MeO 




17-24 


uenzyi 


3-MeO 




17-25 


benzyl 


2-MeO 




17-26 


cyclopropylmethyl 


4-MeO 




17-27 


cyclopropylmethyl 


3-MeO 




17-28 


cyclopropylmethyl 


2-MeO 




17-29 


benzyl 


2-CI 




17-30 


cyclopropylmethyl 


2-CI 
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Example 18 



7-Benzyl-5-phenyl-7 9 8-dihydro-imidazo[1 y 5-a]pyrazin-6-one hydrochloride 




A. 4-(t-ButyIdimethylsilanoxymethyl)-1 -trityl-1 H-imldazole 

To a suspension of the title A compound in Example 1 , 1-trityl-4-hydroxymethyl- 
imidazole (21.8 g, 101 mmol) in DMF (200 mL) is added imidazole (13.1 g, 192.4 mmol), 
DMAP (0.20 g) followed by TBDMSiCI (10.6 g, 70.3 mmol). The reaction mixture is stirred 
for 18 hours at RT before being partitioned between EtOAc and saturated aqueous sodium 
bicarbonate. The combined organic phases are washed with brine, dried over anhydrous 
sodium sulfate and then filtered through a silica pad to yield 4-(f-butyldimethylsilanoxy- 
methyl)-1 -trityl-1 H-imidazole as a solid after removal of the solvent in vacuo: m.p. 90-91 °C; 
1 H-NMR (CDCI 3 ) 5 7.29 (10H, m), 7.13 (6H. m), 6.70 (1H, s) f 4.66 (2H, s), 0.82 (9H, s), 0.00 
(6H, s); e/z (ES) 455 (M+1, 100%). 

B. Methyl [5-hydroxymethyl)-imidazoM -yl]-phenyl-acetate 

Under a nitrogen atmosphere is mixed the title B compound, 4-(t-butyldimethyl- 
silanoxymethyl)-1 -trityl-1 H-imidazole (5.0 g f 11.0 mmol) and sodium sulfate (2.0 g f 
14.0 mmol) in acetonitrile (20 mL) and stirred at RT. To this mixture is added a solution of 
methyl a-bromo-phenylacetate (2.53 g, 11.0 mmol) in acetonitrile (10 mL) and the reaction is 
stirred for 18 hours. The mixture is vacuum filtered, treated with saturated HCI solution in 
MeOH (20 mL) and the mixture is stirred for 3 hours. The solution is concentrated in vacuo 
and the residue taken up in water and washed with EtOAc. The aqueous solution is basified 
with saturated aqueous sodium bicarbonate and extracted into EtOAc. The combined 
extracts are washed with brine and dried (anhydrous sodium sulfate). The solvent is 
removed to yietd methyl [5-hydroxymethyl)-imidazol-1-yl]-phenyl-acetate as a semi-solid: 1 H- 
NMR (CDCI3) 5 7.48-7.27 (6H, m), 6.83 (1H, s), 6.26 (1H, s), 4.59 (2H, s), 3.79 (3H, s); e/z 
(ES)247 (M+1, 100%). 
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C. Methyl (5-formyl-imidazol-1-yl)-phenyl-acetate 

The title B compound methyl [5-hydroxymethyl)-imidazol-1-yl]-phenyl-acetate (3.14 g, 
12.8 mmol) in DCM (30 mL) is added to a solution of Dess-Martin periodinane (15% wt 
solution, 35 mL, 30 mmol) and the reaction stirred for 18 hours. The reaction mixture is 
partitioned between EtOAc and sodium bicarbonate-sodium thiosulfate. The combined 
organic phases are washed with brine and dried (anhydrous sodium sulfate) and evaporated 
to an oil which is chromatographed (silica gel) eluting with hexane:EtOAc (1:1) to yield 
methyl (5-formyl-imidazol-1-yl)-phenyl-acetate as a solid: m.p. 106-109°C; 1 H-NMR (CDCI 3 ) 
5 9.78 (1H, s), 7.86 (1H, s), 7.37-7.52 (6H. m), 6.71 (1H, s), 3.82 (3H's, s); e/z (ES) 245 
(M+1, 100%). 

D. 7-Benzyl-5-phenyl-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one hydrochloride 

To a solution of the title C compound, methyl 1-phenyl-(5-formyl-imidazol-1-yl)- 
acetate (0.45 g, 1.80 mmol) in 1 ,2-dichloroethane (15 mL) is added benzylamine (0.21 g, 
2.0 mmol) followed by sodium triacetoxyborohydride (0.850 g, 4.00 mmol). The reaction 
mixture is stirred at 40°C for 16 hours. The reaction is partitioned between EtOAc and 
saturated aqueous sodium bicarbonate and the organic solution is washed with brine before 
drying (anhydrous sodium sulfate). The product obtained after removal of the solvent 
in vacuo is dissolved in acetone, treated with Et 2 0-HCI(g) to yield 7-benzyl-5-phenyl-7 1 8- 
dihydro-imidazo[1,5-a]pyrazin-6-one hydrochloride: m.p. 249-251°C; 1 H (DMSO-d 6 ) 9.16 
(1H. s), 7.68 (1H, s), 7.46 (3H, m), 7.30 (7H, m), 6.45 (1H, s),4.78 (1H, d, J = 15.0), 4.76 
(1H, d, J = 15.0), 4.65 (2H, d, J = 15.0); 13 C (DMSO-d 6 ) 163.7, 136.2, 134.3, 129.6, 129.5, 
129.0, 128.1, 128.0, 127.2, 125.1, 115.7, 61.6. 49.9, 41.1; e/z(ES) 304 (M+1, 100%); 
calculated for C 19 H 17 N 3 0 HCI, C 67.15 H 5.34 N 12.37, found C 66.88 H 5.29 N 12.12. 

Example 19 

7-Methyl-5-phenyl-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one hydrochloride 



The title compound is prepared analogously to Example 18: m.p. 252-254°C; 
1 H-NMR (DMSO-de) 8 9.16 (1H, s), 7.74 (1H, s), 7.42 (3H. m), 7.27 (2H, m), 6.34 (1H, s), 
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4.83 (2H. s), 3.04 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 163.2, 135.7, 134.1, 129.6, 129.5, 127.3, 
125.1, 115.4, 61.3, 43.1, 34.8; e/z (ES) 228 (M+1, 100%); calculated for Ci3H 13 N 3 0 HCI, 
C 59.21 H 5.35 N 15.93, found C 58.85 H 5.02 N 15.76. 



Example 20 



5-(4-Bromo-phenyl)-7-methyl-7,8-dihydro-imidazo[1,5-a]pyrazln-6-one 



/ <f^> 




o 



Br 



The title compound is prepared analogously to Example 18: m.p. 143-144°C; 
1 H-NMR (DMSO-de) 5 7.50 (3H. m), 7.07 (2h, d, J = 8.4), 6.93 (1H, s), 6.13 (1H, s). 4.66 
(2H, s), 2.98 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 164.6, 137.3, 135.1, 132.2, 129.0, 123.1, 122.0, 
59.7, 43.9, 34.7; e/z (ES) 306/308 (M+1, 100%); calculated for Ci 3 Hi 2 N 3 OBr, C 51.00 H 3.95 
N 1 3.73, found C 50.65 H 3.97 N 1 3.57. 



5-(4-Bromo-phenyl)-7-(4-methoxy-benzyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 



The title compound is prepared analogously to Example 18: m.p. 123-124°C; 
'H-NMR (DMSO-de) 7.61 (1H, s), 7.59 (2H, d, J = 8.4), 7.14 (2H. d. J = 8.6), 7.06 (2H. d, J = 
8.4), 6.89 (1H, s), 6.88 (2H, 2H, d, J = 8.6), 6.24 (1H, s), 4.65 (1H, d, J = 14.5). 4.58 (1H, d. 
J = 16.1), 4.48 (1H, d, J = 14.5), 4.45 (1H, d, J = 16.1), 3.72 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 
164.4. 158.6, 136.4, 134.8, 131.8. 129.2. 128.4, 128.0, 122.9, 121.7, 113.9, 59.4, 54.9, 
48.8, 41.06; e/z (ES) 41 1/413 (M+1, 100%); calculated for CaoH^NaC^Br, C 58.20 H 4.40 
N 10.19, found C 58.08 H 4.43 N 10.09. 



Example 21 




Br 
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Example 22 

5-(4-Bromo-phenyI)-7-cyclopropylmethyl-7,8-dihydroMmidazo[1,5-a]pyrazin-6-on^ 
hydrochloride 



Br 

The title compound is prepared analogously to Example 18: m.p. 223-225°C; 
1 H-NMR (DMSO-d 6 ) 8 9.18 (1H f s) f 7.75 <1H, s), 7.65 (2H, d, J = 8.4), 7.27 (2H, d, J = 8.4), 
6.39 (1H, s) f 4.95 (1H, d, J = 16.6), 4.81 (1H, d, J = 16.6), 3.45 (1H, dd, J = 13.8, 7.0), 3.32 
(1H, dd, J = 13.8, 7.0), 1.05 (1H, m), 0.47 (2H, m), 0.27 (2H, m); 13C-NMR (DMSO-d 6 ) 5 
162.5, 134.2, 133.8, 132.0, 129.2, 125.0, 122.5, 115.0, 60.4, 50.6, 40.8, 8.6, 3.2, 2.9; e/z 
(ES) 346/348 (M+1 , 100%); calculated for C 16 H 16 N 3 OBr HCI, C 50.22 H 4.48 N 10.98, found 
C 50.00 H 4.34 N 10.76. 

Example 23 

7-Benzyl-5-(4-bromo-phenyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one hydrochloride 



The title compound is prepared analogously to Example 18: m.p. 250°C (dec): 
1 H-NMR <DMSO-d 6 ) 5 9.02 (1H, s), 7.67 (3H, m), 7.30 (7H. m), 6.42 (1H, s), 4.70 (4H, m); 
13 C~NMR (DMSO-de) j5 163.0, 135.7, 134.2, 134.0, 132.0, 129.3, 128.6, 127.6, 124.6, 122.6, 
115.6, 60.6, 49.5, 40.7; e/z (ES) 382/384 (M+1, 100%); calculated for C 19 H 16 N 3 OBr, C 54.50 
H 4.09 N 10.04, found C 54.05 H 3.99 N 9.97. 



5-(4-Bromo-phenyl)-7-(4-chloro-benzyl)-7,8-dihydro«imidazo[1,5-a]pyrazin-6-one 
hydrochloride 





.HCI 



Example 24 
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.HCI 



Br 



The title compound Is prepared analogously to Example 18: m. P . ,58-,59-C- 
H-NMR (DMSCW.) 8 7.61 (1H. s), 7.59 (2H. d, J = 8.5). 7.38 (2H. d, J = 8.4). 7 23 <2H d 
'- BA) - ™ (2H ' * J ■ *•*>■ ™ (1H. s). 8.25 (,H. ,,. 4.72 ,1H. d. d = 15.0, 4^2 , H d 
■> = 16.0). 4.54 (1H. d. J = 15.0), 4.53 (1H. d. J = ,6.0); "C-NMR (DMSO-d 6 ) 5 182.6. 134 4 
133.3. 132.6, 130.8. ,29.8, 127.5, ,26.5, 126.4, ,20.9, 120.0. 1 19.7. 57.4, 46 8 39 5- * 

Example 25 

5-(4.Bromo*heny 0 ^ 
one hydrochloride 

.HQ 




The title compound is prepared analogously to Example 18: m p 113-114-c- 
H-NMR (DMSO-d 6 ) 6 7.69 (2H. d. J = 8.0), 7.61 (2H. d, J = 8.0), 7.60 (1H, s), 7.41 (2H d 
= 7.09 (2H, d. J . 8.3), 6.92 (1H, s), 6.28 (1H, s), 4.84 (1H, d. J = 15.3), 4.67 ^ 
= 16.0) 4.64 (1H, d, J = 16.0). 4.69 (1H, d, J = 15.3); 13 C-NMR (D M SO-d 8 ) 6 164.8. 14^ 2 
13*3 34.9. 131.8, 128.5, 128.2, 127.8, 125.4, 124.1 (a, J = 271.7, 122.9. 122.1. 121 8 

™; o T <ES) 450/452 (M+1, 10 ° %): CalCUlat6d for WWW C 53.35' ' 
H 3.36 N 9.33, found C 53.25 H 3.29 N 9.22. 

Example 2fi 

5.(4-Bro m o- P henyl)-7.(4^ 
hydrochloride 
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Br 



The title compound is prepared analogously to Example 18: m.p. 149-1 50°C; 
1 H-NMR (DMSO-d 6 ) 5 7.68 (1H, s). 7.63 (2H, d, J = 8.4), 7.25 (2H, d, J = 8.9), 7.16 (2H, d, 
J = 8.4), 6.97 (2H. d, J = 8.9). 6.96 (1H, s), 6.31 (1H, s), 6.02 (1H, d. J = 15.7), 4.88 (1H, d, 
J = 15.7), 3.76 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 165.0, 158.3, 136.6, 135.3, 134.7, 132.3, 
129.0, 127.4, 123.4, 123.0, 122.2, 114.5, 60.4, 55.7, 45.7; e/z (ES) 398/400 (M+1, 100%); 
calculated for C 19 Hi 6 N 3 OBr, C 57.30 H 4,05 N 10.55, found C 57.02 H 4,03 N 10.37. 

Example 27 

5-(4-Bromo-phenyl)-7-(4-fluoro-phenethyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 




Br 



The title compound Is prepared analogously to Example 18: m.p. 136-138°C; 
1 H-NMR (DMSO-de) 5 9.14 (1H, s), 7.72 (1H, s), 7.61 (2H, d, J = 8.4), 7.18 (2H, dd, J = 8.6, 
5.7), 7.10 (2H, d, J = 8.4), 7.00 (2H, app t J = 8.9), 6.35 (1H, s), 4.82 (1H, d, J = 16.5), 4.60 
(1H. d. J = 16.5), 3.88 (1H, m), 3.55 (1H, m), 2.80 (2H, m); 13 C-NMR (DMSO-d 6 ) 6 162.5. 
160.8 (d, J = 241.5), 134.3. 134.2, 133.8, 131.9, 130.4 (d, J = 8.3), 128.9, 124.8, 122.4, 
115.1, 114.9 (d, J = 21.1), 60.5. 48.0, 41.0. 31.3; e/z (ES) 414/416 (M+1, 100%); calculated 
for C 2 oH 17 N30FBr HCI, C 53.29 H 4.02 N 9.32, found C 52.97 H 4.10 N 9.20. 

Example 28 

5-(4-Bromo-phenyl)-7-(4-fluoro-benzyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 
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.HCI 



Bf 



The title compound is prepared analogously to Example 18: m.p. 205-207'C- 
'H-NMR (DMSO-d 6 ) 5 9.12 (1H, s). 7.67 (1H, s). 7.64 (2H. d. J = 8.5), 7.32 (2H. dd. J = 8 5 
5.6), 7.25 (2H, d, J = 8.5), 7.21 (2H, app t, J = 8.9). 6.44 (1H, s), 4.78 (1H, d. J = 14.7) 4 75 
(1H, d. J = 16.8), 4.67 (1H, d, J = 16.8). 4.60 (1H. d, J = 14.7); 13 C-NMR (DMSO-d 6 ) 5 i 6 3 4 
162.0 (d, J = 243.0), 134.5. 134.4. 132.5, 132.4. 130.4 (d. J = 8.3). 129.8. 125.1. 123 0 
115.8. 115.7 (d. J = 21.3). 61.0. 48.9. 41.1; e/z (ES) 400/402 (M + 1. 100%); calculated for 
C 19 H 1s N 3 ObrF HCI. C 52.26 H 3.69 N 9.62. found C 52.53 H 3.75 N 9.50. 

Example 29 

5-(3-Bromo.phenyl)-7^^ 

.HCI 




Br 



The title compound is prepared analogously to Example 18: m.p. 265X (dec )• 
H-NMR (DMSO-d 6 ) 8 9.12 (1H. s). 7.74 (1H. s), 7.65 (1H. d, J = 8.0). 7.57 (1H, s). 7.39 (1H 
t. J = 8.0). 7.24 (1H. d, J = 8.0). 6.36 (1H. s), 4.83 (2H. m). 3.04 (3H,s); 13 C-NMR (DMSO- ' 
de)8 162.3. 137.6. 133.7. 132.1. 130.3. 126.1. 124.7. 122.1. 114.9. 60.1. 42.7. 34.5; e/z 
(ES) 306/308 (M + 1. lOO'/o); ca.cu.ated for C 13 H 12 N 3 OBr HCI. C 45.57 H 3.83 N 12.26 found 
C 45.72 H 3.98 N 11.78. 

Example 30 

5.(3.Bromo.phenyl).7^yclohexyl-7,8.dih y dro.i m idazo[1,5.alpyrazin-6^ne oxalate 
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to uW^^fe^ 3 ... OBij O E 



£8 a 



NS^-OH 



0 

Br 



The title compound is prepared analogously to Example 18: m.p. 129-131 °c- 
1 H-NMR (DMSO-de) 7.86 (1H, s), 7.58 (1H, d, J = 7.9), 7.36 (2H, m). 7.07 (2H. m), 6 ' 2 0 (1H 
s). 4.74 (1H, d, J = 16.2), 4.40 (1H. d, J = 16.2), 4.26 (1H. m), 1.77-1.09 (10H, m); 13 C-NMR 
(DMSO-d 6 ) 164.0, 161.8. 139.5, 135.0, 131.8, 131.6, 129.6, 125.5, 123.6, 122.4, 60.1, 53.4, 
36.7, 29.2, 28.8, 25.5, 25.4, 25.2; e/z (ES) 374/376 (M+1, 100%); calculated for 
C 18 H 20 N 3 OBr C 2 H 2 0 4 , C 51.74 H 4.78 N 9.05, found C 51.43 H 4.64 N 8.94. 

Example 31 

5-(4.Bromo-phenyl)-7-(4-methoxy.phenyl)-7,8-dihydro-imidazo[1,5-a]pyraz!n.6-one 
oxalate 




V / 

b/ 

The title compound is prepared analogously to Example 18: m.p. 186-189°C- 
1 H-NMR (DMSO-d 6 ) 8 7.87 (1H, s). 7.61 (1H, d. J = 7.9), 7.44 (1H; s), 7.40 (1H, t, J = 7.9) 
7.27 (2H, d, J = 8.8), 7.20 (1H, d. J = 7.9). 7.07 (1H, s). 6.98 (2H, d, J = 8.8), 6.35 (1H. s).' 
5.08 (1H, d. J = 15.9), 4.91 <1H, d, J = 15.9), 3.77 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 164.7 
161.8, 158.4, 139.5, 134.7, 131.9. 131.6, 129.9, 127.4, 125.8, 122.5, 114.5, 60.4 55 7 ' 
45.6; e/z (ES) 398/400 (MM. 100%); calculated for CrfW^Qfr C 2 H 2 0 4 , C 51.65 H 3.72 N 
8.61, found C 51.49 H 3.62 N 8.40. 

Example 32 

5-(3-Bromo-phenyl).7.cyclopropylmethy|.7,8Klihydro-imidazo[1,5-a]pyrazin.6-one 
hydrochloride 
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The title compound is prepared analogously to Example 18: m.p. 249-250°C; 
1 H-NMR (DMSO-d 6 ) 5 9.19 (1H, s), 7.75 (1H, s), 7.65 (1H, d, J = 7.9), 7.59 (1H. s), 7.41 (1H. 
t. J = 7.9), 7.28 (1H,.d, J = 7.9), 6.40 (1H, s). 4.95 (1H, d, J = 16.9), 4.85 (1H, d, j 16.9). 
3.45 (1H, dd, J = 14.0. 7.3), 3.35 (1H, dd, J = 14.0. 7.3), 1.03 (1H, m), 0.48 (2H, m). 0.27 
(2H, m); 13 C-NMR (DMSO-d 6 ) 8 162.4, 137.3, 133.8, 132.1, 131.4. 130.2, 126.0, 124.9, 
122.2, 115.0, 60.2, 50.7, 40.9, 8.7, 3.2, 3.0; e/z (ES) 346/348 (M+1, 100%); calculated for 
Ci6H 16 N 3 OBr HCI, C 50.22 H 4.48 N 10.98, found C 49.93 H 4.48 N 1 10.74. 

Separation of the enantiomers of the free base may be achieved using a Chiralpak 
AD HPLC column under isocratic conditions (isopropanolrhexane - 20:80); Retention times 
18.5 and 27.6 minutes. 

Example 33 

7-Benzyl-5-(3-bromo-phenyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one hydrochloride 




.HCI 



The title compound is prepared analogously to Example 18: m.p. 249-251 °C; 
'H-NMR (DMSO-da) 8 9.10 (1H, s), 7.67 (2H, d, J = 6.0), 7.57 (1H, s). 7.36 (7H. m). 6.46 
(1H. s). 4.72 (4H. m); 13 C-NMR (DMSO-d 6 ) 8 162.8, 137.3, 135.7, 134.0. 132.1. 131.3. 
130.1, 128.6, 127.7, 127.6. 126.1. 124.6. 122.2. 115.4, 60.4, 49.6, 40.8; e/z (ES) 382/384 
(M+1, 100%); calculated for dsHnsNaOBr HCI, C 54.50 H 4.09 N 10.04, found C 54.47 H 
4.09 N 10.01. 

Separation of the enantiomers may be achieved using a Chiralpak AD HPLC column 
under isocratic conditions (isopropanohhexane - 20: 80); Retention times 26.8 and 
29.6 minutes. 
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Example 34 

5-(3-Bromo-phenyl)-7-(4-methoxy-ben2yl)-7 f 8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 




ret - 



i °p 

Br 

The title compound is prepared analogously to Example 18: m.p. 246-248°C; 
1 H-NMR (DMSO-de) 5 9.16 (1H. s), 7.68 (1H, s), 7.65 (1H, d, J = 7.9), 7.56 (1H, s), 7.40 (1H. 
t, J = 7.9), 7.25 (1H, d, J = 7.9), 7.22 (2H, d, J = 8.8), 6.90 (2H. d, J = 8.8), 6.45 (1H, s), 

4.73 (1H, d, J = 16.6), 4.71 (1H, d, J = 14.6), 4.64 (1H, d, J = 16.6), 4.58 (1H, d, J = 14.6), 

3.74 (3H, s); 13 C-NMR (DMSO-de) 5 163.0, 159.2, 137.7, 134.3, 132.6, 131.7, 130.6, 129.8, 
128.0, 126.5. 125.1, 122.6, 115.6, 114.4, 60.8, 55.5, 49.4, 40.8; e/z (ES)412/414 (M+1, 
100%); calculated for CsoH^NaOaBr HCI, C 53.53 H 4.27 N 9.36, found C 53.22 H 4.38 

N 9.16. 

Example 35 

5-(3-Bromo-phenyl)-7-(4-fluoro-benzyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 



.HCI 




P 



Br 

The title compound is prepared analogously to Example 18: m.p. 246-248°C; 
1 H-NMR (DMSO-d 6 ) 8 9.16 (1H. s), 7.66 (2H, m), 7.57 (1H, s), 7.29 (6H. m), 6.45 (1H. s), 
4.76 (1H, d, J =. 15.0), 4.73 (2H, s), 4.62 (1H, d, J = 15.0); 13 C-NMR (DMSO-d 8 ) 5 163.2, 
162.0 (d, J = 242.3), 137.7, 134.3, 132.6, 132.4, 132.3, 131.7, 130.6, 130.4 (d. J = 8.3), 
126.6, 125.0, 122.6, 115.8 (d, J =, 18.2), 60.8, 49.3, 41.1; e/z (ES) 400/402 (M+1, 100%); 
calculated for C 19 H 15 N 3 OBrF HCI, C 52.26 H 3.69 N 9.62, found C 52.11 H 3.60 N 9.56. 
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Example 36 



5-(3-Bromo-phenyI)-7-(4-chloro-benzyl)-7,8-dihydro-imida2o[1,5-alpyrazin-6-one 
hydrochloride 



The title compound is prepared analogously to Example 18: m.p. 268-270°C; 
1 H-NMR (DMSO-d e ) 8 9.13 (1H, s), 7.66 (2H, m), 7.57 (1H, s), 7.33 (6H, m). 6.45 (1H, s), 
4.80 (1H, d, J = 15.1), 4.74 (2H, s), 4.62 (1H, d, J = 15.1); 13 C-NMR (DMSO-d a ) 5 163.3, 
137.6, 135.2, 134.3, 132.7, 132.6, 131.7, 130.7, 130.2, 129.0, 126.6, 125.0, 122.6, 115.7, 
60.8. 49.4, 41.3; e/z (ES)416/418 (M+1, 100%); calculated for C 19 H 15 N 3 OCI HCI, C 50.36 
H 3.56 N 9.27, found C 50.10 H 3.56 N 9.17. 



5-(3-Bromo-phenyl)-7-(4-methyl-benzyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 



The title compound is prepared analogously to Example 18: m.p. 265-267°C; 
1 H-NMR (DMSO-dg) 8 9.08 (1H, s), 7.66 (1H, d, J = 7.9), 7.65 (1H. s), 7.55 (1H, s), 7.40 (1H. 
t, J = 7.9), 7.25 (1H, d, J = 7.9). 7.15 (4H, m), 6.44 (1H, s), 4.73 (1H, d, J = 14.7), 4.71 (1H, 
d, J = 15.9), 4.65 (1H, d, J = 15.9), 4.61 (1H, d, J = 14.7), 2.28 (3H. s); 13 C-NMR (DMSO-d 6 ) 
8 163.1, 137.7, 137.3, 134.4, 133.1, 132.6, 131.7, 130.5, 129.6, 128.2, 126.5, 125.0, 122.6, 
116.0, 60.7, 49.7, 41.0, 21.0; e/z (ES) 396/398 (M+1, 100%); calculated for CajH^NaOBr 
HCI, C 55.51 H 4.43 N 9.71, found C 55.48 H 4.46 N 9.66. 




Br 



Example 37 




Br 



-53- 



Examole 38 

one hydrochloride iHj"««n o- 




Br 



The title compound Is prepared analogously to Example 18: mp. 269-271 -c- 
H-NMR (DMSO-d 6 ) 5 9.12 (1H, s), 7.71 (2H, d, J = 8.2). 7.6a (1H, s), 7.66 (1H d ^79, 

«**^ ^* J * "« ^<-^.)a 163.8. 14 1.2. ,37.6. 132.6. ' 
131.7. 130.7. 128.9, 128.4. 126.6. 125.9 (,.J. 3.8). ,25.0. 122.6, 115 8 60 9 49 8 4, fr 
e* (ES) 450,452 (M+ , . ,00%); canted tor C^^f, HO C 49 M H 3 31N 8 13 
found C 49.32 H 3.34 N 8.51 . ' 

Example 3a 




,HCI 



The title compound is prepared analogously to Example 18: m.p. 246-248-C- 
H-NMR (DMS04., 8 9.10 (1H. s). 7.63 <7H. m), 7.40 (,H. ,. J = 7.9). 7.26 (1H d J - 7 9, 
6.46 (,H. s), 4.80 (4H. m>; »C Nl * (DMS0 ^ , 163 . 5 , J * * J £ 

,7 130.6, 130.1, 129.9, 127.8 «,. 248.3). ,26.4. ,25.0. ,24.7 (,. J = ^1^6 ,,^9 

3 ? 1 N 8.63, found C 49.33 H 3.19 N 8.54. 
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Example 40 

5.(3.Bromo.pheny»).7.(3-fluoro.ben 2 y.).7,8Kj j hydro.imId^ 
hydrochloride 




.HCI 



Br' 

The title compound Is prepared analogously to Example 18: m.p. 240-243'C- 
H-NMR (DMSOd.) S 9.12 (1H. s). 7.68 (1H. s>, 7.66 <1H, d. J = 7.9), 7.59 (1H. S ) 741 (,H 

' r/;?;- 38 <1H - *• J = "* 7 28 < 1H - * J ■ ™ <3H. m,. 6.45 <1H s) 4 82 O H d 
= 151 >' 4 76 < 2H - m >- «• OH. d. J = 15.1); "CNMR (DMSO) 163.4 162 7 (d J - 
237.3) 139.1 (d, J = 6.8). 137.6, 134.4. 132.6. 131.7. 131.0 (d. J = 6.8). 13a 6 , 126.6 
125.0, 124.2 (d, J = 2.3). 122.6. 115.8. 114.8 (d, J - 21.6), 60.9, 49.6. 41 4- e/W 

C 52 4 1°9 hTIsnTsZ Ca '° U ' ated ^ C " H " N> ° FBr HCI ' ° 5226 H 369 N 9-62, found 

Example 41 

hydrochloride 




.HCI 



Br 



The title compound is prepared analogously to Example 18: m.p. 248-249'C- 
H-NMR (DMSO-de) 5 9.13 (1H, s), 7.67 (1H, s), 7.66 (1H, d, J = 7.9), 7.57 (1H s) 7 41 MH 
t. J = 7.9, 7.26 (1H. d, J = 7.9), 7.23 (1H, t, J = 7.6), 7,1 (1H. d, J = 7.6), 05( H V 
7.6). 7.01 (1H, s,, 6.47 (1H, s). 4.74 (1H. d. J = 16.5), 4.68 (2H, s, 4.66 (1H . d i = 16 5)' 
2-25 (3H. s); 13 C-NMR (DMSO-d e ) 5 163.1, 138.2, 137.8, 136.0. 134.4, 132.6, 131 7 130 4 
128.9. 128.7. 128.6, 126.4, 125.3, 125.0. 122.6, 115.8. 60.8. 49.9. 41.2. 21.3; e/z (eJ) 
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El !T« " w * d ,or c " H " N ' 0Br HC| - c 5551 h 443 n 9?1 - *>- 

C 55.75 H 4.41 N 9.68. 



Example 42 



5.(3*romo*heny.)-^^ 
hydrochloride 




.HCI 



Br 



The title compound Is prepared analogously to Example 18: m.p. 205-207°C- > 

5 V« (1H ' * 7 (1H ' * 7 (1K * J = 8 0) ' 7 46 Clti * 7.38 (1H. 

MH~ ; I In 6 u m ' (1H * S> ' ^ (1H ' * J " 17 -°>' 4 59 < 1H ' * J = 17-0). 3.83 
1H, m), 3.60 (1H. m), 2.84 (2H. m); «C-NMR (DMSO-d 6 ) 8 162.8, 138.6, 137 5 134 4 

132 5 131.7, 130.3, 129.0. 128.7, 126.7, 126.1, 125.2, 122.6, 115.6, 60.8, 4 8. T 7 32 , 
e/z (ES) 396/398 (M + 1, 100%); calculated for Cao H 18 N 3 OBr HC,, C 55.51 H 4 43 N 9 71 
found C 55.31 H 4.23 N 9.68. ' 



Example 43 




.HO 



The title compound is prepared analogously to Example 18: m.p. 202-204'C- 
H-NMR (DMSO.d 6) 8 9.13 (1H. s). 7.69 (1H, s), 7.65 (1H, d. J = 9.1), 7.46 (1H s) 7 37 (1H 

7 :Z\ 7 T (1H> ^ ' = 8 3) ' 7 <2H ' d ' J " 8 7) - 6 77 «*■ d » J - 36 H s) 

2H 1^ .Lr' 4 (1H ' * ' = 16 5) ' 8 (1H ' "* 3 71 « S >' 3 55 ™ m . .77 
(2H. m); C-NMR (DMSO-d 6 ) 8 162.7. 158.1, 137 .5, 134.3. 132.4, 131.7. 130.3. 130 2 
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130.0. 126.1. 125.2. ,22.6, 1,5.6. 114.1. 60.3. 55.3. 48.9. 41.7. 31.7; efc(ES) 426/428 

^ » ,or c " H * N3 °* Br Hcl 025 H *°- c 5398 H 464 N 8 ". 

C 53.92 H 4.47 N 8.93. 

Example 44 

M«^ h8 ^.7 H 4^k,^h M8 ^, ) - 7 . Mlhydr ^ mltteo[1 ^ ] 
hydrochloride 

.HCI 




Br 



The title compound Is prepared analogously to Example 18: m.p. 225-226-C- 
H-NMR (DMSO-ds) 9.12 (,H. s), 7.72 (1H. s). 7.65 (1H. d. 7.9). 7.44 (1H. ,), 7.36 (1H , 

16 5W?„V = Ml <2H - J = 7 06 * J " 7 * 6 35 ™ * ^ W 

m^o . ' J = 16 ' 5> ' 3 <1H ' "* 3 58 (1H - m) - 2 85 ' 2H - «* "^R 

DMSO-d.) ,62.8. 137.8, 137.4. ,34.3. 132.4. 131.6. 131.3. 130.9. 130.3. 128.6. 126 1 

cTk ™',!1 6 ' 60 ' 8- 482 ' 41 * 31 * 6/2 <ES) 432/434 ^ 100% ^ — — •!» 

CaA^OBrCI HCI, C 51.42 H 3.88 N 8.99, found C 51.14 H 3.55 N 8.98. 

Example 45 

^romo^yfl^h^h^^.^.^^^p 
hydrochloride 




Br 



The title compound is prepared analogously to Example 18: m.p. 184-186'C- 

tT 7 R 9 ™H 5 r (1H> 7 (1H ' * 7 (1H ' d ' J ■ 7 9 >- 7 45 ™ s). 7* (1H, 
t J - 7.9), 7.24 (3H, m). 7.10 (2H. m), 6.35 (1H, s). 4.81 (1H, d, J = 16.6), 4.67 (1H, d J . 

» it' i^' 3 (1H ' 2 (2H ' 13C " NMR (DMSO " d6 > 5 162 4 - ^0-8. 136.9, 
133.9, 132.8. 132.0. 131.2, 130.0. 129.9, 128.5. 127.4. 126.3. 125.6. 124.8. 122.2 115 2 
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60.3. 47.7, 41.0, 31.7; e/z (ES) 430/432 (M+1, 100%); calculated for CaoH^NaOBrCI HCI, 
C 51 .42 H 3.88 N 8.99, found C 51 .33 H 3.70 N 8.85. 

Example 46 

5-(3-Bromo-phenyl)-7-(4-methyl-phenethyl)-7,8-dihydro-imidazo[1,5-a]pyrazm-6-one 
hydrochloride 




The title compound is prepared analogously to Example 18: m.p. 197-1 99°C; 
1 H-NMR (DMSO-de) 5 9.11 (1H, s), 7.69 (1H, s), 7.66 (1H, d, J = 9.1), 7.44 (1H, s), 7.37 (1H, 
m), 7.08 (1H, d. J = 7.5). 7.01 (4H, s), 6.36 (1H. s), 4.78 (1H, d, J = 16.6), 4.56 (1H. d. J = 
16.6), 3.87 (1H, m), 3.56 (1H. m). 2.79 (2H. m). 2.24 (3H, s); 13 C-NMR (DMSO-d 6 ) 5 162.8. 
137.4, 135.6. 135.4, 134.3, 132.4. 131.6, 130.2. 129.3. 128.9. 126.1, 125.2. 122.6, 115.6, 
60.8. 48.8. 41.6, 32.2. 21.0; e/z (ES) 410/412 (M+1, 100%); calculated for CaihUoNaOBr HCI. 
C 56.46 H 4.74 N 9.41, found C 56.36 H 4.50 N 9.29. 

Example 47 

5-(3-Bromo-phenyl)-7-(4-fluoro-phenethyl)-7,8-dihydro-imidazo[1,5-a]pyrazin-6-one 
hydrochloride 




The title compound is prepared analogously to Example 17: m.p. 179-180°C; 
1 H-NMR (DMSO-ds) 6 9.09 (1H, s), 7.70 (1H, s). 7.64 (1H. d. J = 9.0), 7.43 (1H, s), 7.43 (1H. 
t, J = 7.9), 7.17 (2H, dd, J = 8.7, 5.6), 7.02 (3H, m), 6.35 (1H, s), 4.80 (1H, d. J = 16.9), 4.63 
(1H, d, J = 16.9), 3.86 (1H. m), 3.57 (1H, m), 2.84 (2H, m); 13 C-NMR (DMSO-d 6 ) 8 162.4, 
160.9 (d, J = 242.0). 137.0. 134.3, 133.9. 132.0, 131.2. 130.4 (d. J = 8.0). 129.8. 125.6, 
124.7, 122.1, 115.2, 114.9 (d, J = 21.1), 60.3, 48.1, 41.1. 31.3; e/z (ES) 414/416 (M+1. 
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ta£ fcr (WMWW HC. C 53.29 H 4.02 N 9.32. fouTCl c 53.03 H 3.73 

Example 48 



en 



o 




.HCI 

N 



I 



The title compound is prepared analogously to Example 17- m o 23^ ^ 

sr. ri^r r? 1 * -* ~« — ~« 

Example 49 




The We compound b prepared analogously to Example 17: m p 
'H-NMR(DMSad.)5 9l4 (1 H o 7 70/HU , <!15-218 C. 

,2Z ,£<\ ^ 44 (3H ' S> ' 473 (4H ' "* <°"SO) 8 162 44 148 86 

^028 4 Z1T 13 - 13127 ' 130 15 - ,26 - 11 ' ™* 
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Example 50 




V /> 

b/ 



The title compound is prepared analogously to Example 18 th , 
as a 3:2 mixture of diastereomers with fh ™ e product is Stained 

(3H. d. J - 7.2); t3 C-NMR <DMS<«, 5 « 8 « ' ^, ^ * ** 149 

129.0. 127.9, 127.2 125.4 123 4 J ' ' J ^ 135A 131 - 7 < d - J 9 =>. 129* 

131-7. 130., 129.0, ,29.2, ,27.4^ ^ ^ ^ »»■ «** 132., 
(ES, 396 (MM, ,00%,; calcufated for C H m nl^ * ^ 51? ' 36A 15 6; 
C 53.21 H 4.5, N 9.57 HC, C 55.51 H 4.43 N 9.71 , found 



C 55.21 H 4.51 N 9.57. 

Example 51 

, " ) ^ rom0 - ph9 "» , '- 7 -<' S )-1-P'»nyWhyO-7, 8 ^ hydro , 



ImldazoILS-aJpyriKln^one 




The title compound is prepared analogously to Examole 18 th „ 
as a 3:2 mixture of diastereomers with th« J V 6 Pr ° duct is obtained 

oh a,. 6.30 „h. 4 « m r 4*mj? « I; 10 d - J = 80) - 685 

128.0, 127.9, ,27.2 ,25.4 ,23 4 ,22 J Tj * ^ 1317(d ' J a5) ' 129 5 ' 
N 10.27. 4 58 N 10 ' 60 » fou "d C 60.52 H 4.57 

-). 7 .o2 ( ,h,,;U,Z; , h.^l^ 

15.8), 3.80 (1H. d. J = ,5 8) ,54 (3H , 7 If <1H ' * J = 7 2 >' 4 66 <«. d. J - 

Example 52 




The title compound is prepared analogously to Examole ia -n~ w 
as a 3:1 mixture of diastereomers with th- . 6 Pr ° dUCt te obtained 

* ^ = 7.1), 4.45 „H, d, J =" S : 4 "„V; « * ^ S) ' 5 82 

<DMSO-d 8 ) 6 164 39 ,39 « ,« !f ' ' 15 9) ' 148 (3H ' d ' J " 7 ' 18 > "C-NMR 

122.93, iL.^^S 3S 4 2 r, 13m 128 - 51 ' ™ 24 - ,27 47 ' 126 ^ 
■OS. 59.65, 50.83. 36.28, ,5.61; efe (ES) 396/398 (M,,, ,00%). 



• 




Diastereomer2 (more polar): m.p. 147-148°C; [a) D +179.4 (c0.93, MeOH): 
1 H-NMR (DMSO-ds) 5 7.6(1 H, s), 7.58(2H, d. J = 8.3), 7.28(3H, m), 7.17(2H, m). 7.01(2H, d. 
J = 8.3). 6.89(1 H, s), 6.23(1 H, s), 5.83(1 H, q, J = 7.0), 4.62(1 H, d, J = 15.9). 3.79(1 H. d. J = 
15.9), 1.54(3H, d. J = 7.1); 13 C-NMR (DMSO-d 6 ) 8 164.49.139.03 135.90. 134.73. 131.79, 
128.46. 128.35. 127.53. 126.85. 123.04. 122.65. 121.65, 59.79, 50.77. 36.32. 15:13; e/z 
.(ES) 396/398 (M+1. 100%); calculated for C2oH 18 BrN 3 0, C 60.62 H 4.58 N 10.60. found 
C 60.68 H 4.52 N 10.62. 



(-)^-(3-Bromo-phenyl)-7-((S)-1-phenyl-ethyl)-7,8^ihydro-imidazo[1,5-a]pyra2ln-6.one 



Br 

The title compound is prepared analogously to Example 18. The product is obtained 
as a 3:1 mixture of diastereomers with the more polar diastereoisomer predominating. The 
diastereomers may be separated using chromatoraphy on silica. 

Diastereoisomer 1 (less polar): m.p. 167-168°C; [cc] D -16.1 (c 0.29. MeOH): 1 H-NMR 
(DMSO-de) 8 7.67 (1H, s). 7.62 (2H. d. J = 8.4). 7.32 (5H. m). 7.10 (2H. d, J = 8.4). 6.84 
(1H. s). 5.82 (1H, q, J = 7.1). 4.45 (1H. d. J = 15.9), 4.26 (1H, d. J = 15.9). 1.48 (3H, d. J = 
7.1); 13 C-NMR (DMSO-d 6 ) 5 164.4, 139.4, 136.1. 134.9, 131.9, 128.5, 128.3. 127.5, 126.7, 
122.9, 122.3. 121.7, 59.7, 50.8. 36.3, 15.6; e/z (ES) 394/396 (M+1. 100%); calculated for 
C2oH 16 N 3 OBr. C 60.62 H 4.58 N 10.60, found C 60.55 H 4.61 N 10.61. 

Diastereoisomer 2 (more polar): m.p. 146-147°C; [<x] D -173.8 (c 0.92, MeOH): 
'H-NMR (DMSO-d e ) 5 7.60 (1H, s). 7.58 (2H, d, J = 8.3), 7.29 (4H, m), 7.16 (2H, m), 7.02 
(2H, d, J = 8.3), 6.90 (1H, s), 6.23 (1H, s), 5.83 (1H, q, J = 7.0), 4.62 (1H, d, J = 15.9). 3.80 
(1H. d, J = 15.9). 1.54 (3H. d. J = 7.0); 13 C-NMR (DMSO-d 6 ) 8 164.5, 139.0, 135.9, 134.7. 
131.8. 128.5. 128.4. 127.5. 126.9. 123.0. 122.6, 121.7, 59.8, 50.8, 36.3, 15.1; e/z(ES) 
394/396 (M+1, 100%); calculated for CaoH^NaOBr, C 60.62 H 4.58 N 10.60, found C 60.28 
H 4.70 N 10.61. 



Example 53 
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Example 54 

7-Benzyl-7,8-dihydro-imidazo[1 ,5-a]pyrazin-6-one hydrochloride 




.HCI 



A. Ethyl (5-hydroxy-imidazoyl-1-yl)-acetate 

To a solution of the title A compound in Example 18, 4-(t-butyldimethylsilanoxy- 
methyl)-1-trityl-1H-imidazole (18.16 g, 40.0 mmol) in acetonitrile (50 mL) is added ethyl 
bromoacetate (6.68 g, 40.0 mmol) and the mixture stirred for 18 hours. The mixture is 
vacuum filtered, the filtrate is concentrated in vacuo and treated with EtOH/HCI (g) solution 
(35 mL) and the mixture is stirred for 4 days. The resulting suspension is vacuum filtered 
and washed with fresh EtOH to give a clear filtrate. The solution is concentrated to a 
smaller volume and treated with propylene oxide (25 mL) and stirred overnight at RT. Again 
vacuum filtered off the solids and concentrated the filtrate in vacuo. The residue is 
chromatography through a silica gel column and eluted with EtOAc:MeOH:NH 4 OH (95:5:1) 
to give ethyl (5-hydroxy-imidazoyl-1-y|)-acetate as an oil: 1 H-NMR (CDCI 3 ) 8 7.45 (1 H, s), 
6.90 (1H, s), 4.80 (2H, s), 4.59 (2H, s), 4.23 (2H, q, J = 7.2), 3.73 (1H, br s), 1.29 (3H, t, J = 
7.2); "C-NMR (CDCI3) 5 166.2, 137.3, 129.4, 126.2, 60.3, 52.3, 44.5, 12.2; e/z (ES) 185 
(M+1, 100%). 

B. Ethyl (5-formyl-imidazoyl-1-y|)-acetate 

The title B compound is prepared analogously to the title C compound in 
Example 18: 1 H-NMR (CDCI 3 ) 5 9.75 (1H, s), 7.84 (1H, s), 7.69 (1H, s), 5.05 (2H, s), 4.25 
(2H, q, J = 7.2), 1.29 (3H, t, J = 7.2); 13 C-NMR (CDCI 3 ) 5 179.9, 167.4, 143.5, 131.6, 62.5, 
48.4. 14.4; e/z (ES) 183 (M+1 , 100%). 

C 7.BenzyI-7,8-dlhydro-imidazo[1,5-a]pyrazin-6-one hydrochloride 

The title C compound is prepared analogously to the title D compound in 
Example 18: m.p. 201-204'C; 'H-NMR (DMSO-d 6 ) 8 9.12 (1H, s). 7.56 (1H, s), 7.35 (5H, 
m), 5.04 (2H. s), 4.71 (2H, s), 4.59 (2H, s); 13 C-NMR (DMSO-d 6 ) 5 162.8. 136.3, 133.6, 
129.0, 128.2. 127.9, 125.4. 1 14.6, 49.4, 47.9, 41.3; e/z (ES) 228 (M+1. 100%); calculated 
for C 13 H 13 N 3 0 HCI, C 59.21 H 5.35 N 15.93, found C 58.87 H 5.41 N 15.85. 
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Example 55 

3-(7-Benzyl^ X o.5 > 6,7.8-tetrahydro-lmida2o[1 > 5-a]pyra2ln.5.yl)*enzonitrile 




N 



To a solution of the title compound of Example 33. 7-benzyl-5-(3-bromo-phenyl)-7 8- 
dihydro-imldazo[1,5-a]p yra zin-6.one (0.550 g, 1.44 mmol) in DMF (2 mL) is added zinc(ll) 
cyanide (0.100 g, 0.85 mmol) followed by tetrakistriphenylposphine palladium (0) (0.100 g. 
6 mol%). The reaction mixture is degassed, purged with nitrogen then heated at 90»C for 
1 hour. The reaction mixture is partitioned between aqueous ammonium hydroxide (2N) 
and EtOAc. Following washing of the combined organic phases with brine, drying 
(anhydrous sodium sulfate) and removal of the solvent the residue is subjected to flash 
chromatography (silica) eluting with EtOAc:MeOH:NH 4 OH (90:10:1) to give the desired 
material which is recrystallized from diethyl ether to afford S-^-benzyl-e-oxo-S.ej.S- 
tetrahydro-imida 2 oI1.5-a]pyrazin-5.yl>ben2onitrile: m.p. 163-165X; 1 H-NMR (CDCfe) 8 
7.66 (1H. d. J = 7.6). 7.50 (1H. t. J = 6.8). 7.48 (1H. s). 7.33 (2H. m). 7.31 (3H. m). 7.17 (2H 
m). 7.01 (1H. s). 6.01 (1H. s). 4.78 (1H. d. J = 14.7). 4.60 (1H. d. J = 14.7). 4.50 (1H. dj=" 
15.7). 4.41 (1H. d, J = 15.7); 13 C-NMR (CDCI 3 ) 5 164.1. 137.4. 135.0. 134.8. 132.6 130 4 
130.0. 129.4. .129.0. 128.2. 128.0. 124.3. 121.8. 117.9. 1 13.5. 60.3. 50.7. 41.5; e/z (ES) 329 
(M+1 , 100%); calculated for C^H^O. C 73.15 H 4.91 N 17.06. found C 72 81 H 4 95 
N 16.90. 



Example 56 

3.r7-<4-Methyl-benzy^ 
hydrochloride 
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128.3, «, 118 . 6 , 115 8 «* J** «* 133.0. ,32.0. ,31.5. ,30.7. ,20.6, 

Example 57 




MCI 



<M 3 133,. ,02.0 «. , = IZZ 'L ^ ^ 0K * 1 - ,5 0,: ^ < DMS °- 

* IK) 347 ,00%,; ratotated fcr «JX» * S 412; 

62.40 H 3.86 N 14.28. 15N4UF HCI, C 62.75 H 4.21 N 14.64, found C 



Example fifl 



5-a]pyrazin-5-y|]*en 2 onitrile 
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•HCI 




The title compound is prepared analogously to Example 55: nvp. 236-238°C; 
1 H-NMR (DMSO-d 6 ) 5 9.08 (1H, s), 7.94 (1H. d, J = 7.2), 7.83 (1H, s), 7.69 (3H, m), 7.42 
(2H, d, J = 8.7), 7.32 (2H, d, J = 8.7), 6.52 (1H, s). 4.81 (1H. d. J = 15.1), 4.79 (1 H, d, J = 
16.2), 4.73 (1H. d, J = 16.2), 4.59 (1H, d, J = 15.1); 13 C-NMR (DMSO-d 6 ) S 163.2, 136.6, 
135.2, 134.4, 133.5, 133.0, 132.7. 131.6, 130.7, 130.2, 129.0, 125.1, 118.6, 115.7, 112.5, 
60.8, 49.4, 41 .3; e/z (ES) 363 (M+1, 100); calculated for C2oH 15 N 4 0 HCI 0.2 H z O, C 59.62 
H 3.85 N 13.91, found C 59.69 H 3.97 N 13.83. 

Example 59 

3-[7-(4-Methoxy-benzyl)-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl]- 
benzonitrile hydrochloride 



The title compound is prepared analogously to Example 55: m.p. 246-248°C; 
1 H-NMR (DMSO-de) 5 9.08 (1H, s), 7.94 (1H, d, J = 6.8), 7.80 (1H, s), 7.69 (3H, m), 7.22 
(2H, d, J = 8.2), 6.91 (2H, d, J = 8.2), 6.51 (1H, s), 4.73 (1H, d, J = 14.7), 4.71 (2H, s). 4.55 
(1H, d, J = 14.7), 3.74 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 162.9, 159.2, 136.7, 134.3, 133.4, 
132.9. 131.5. 130.7. 129.8. 127.9. 125.1, 118.6. 115.7. 114.4, 112.5, 60.7, 55.4, 49.4, 40.9; 
e/z (ES) 359 (M+1. 100%); calculated for C^H^NA-, C 63.88 H 4.85 N 14.19. found 
C 63.61 H 4.73 N 13.95. 



3-[7-(4-Fluoro-phenethyl)-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl]- 
benzonitrlle hydrochloride 




Example 60 
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Example fii 




.HC! 



«* 32.6; « m „ - 1 ^ ™ '«* ««. 1** 60., ,6.6. 

N 14.79. found C 66.27 H 4.91 N 14.62 ***** ° 66 57 H 5 05 
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Example ea 




To a solution of the title compound of Examole 21 s m 

CO (0 025 a in™*^ tu D,S(d,pheny,phos P hin °Herrocene]dichloropal^ 
comhin ri Ufe 18 part, ' Uoned between water and EtOAc Th« 

lo g,ve S-(4 •*to ro biphenyM-y|).7-(4-ni e thoxy-t«n 2 yl)-7, 8- 
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Example 64 

7K4-Me^ox y . be ^ ) .^ ioph6n 3^ | ^^„ yl) . 78d|hydr ^ m|teo[i ^ p ^ in ^ 




. u - J!!! '" te C0^ " > ° Un<, 18 PrePared an *8«* •» Example 63: m.p. 162-164'C- 
( H. dd, J - 5.0, 1.1), 7,5 (4H. app ,, J = 9 . 0 ), 6 . 90 (1H . s) , 6 . 87 (2H d , m \ ' X ™* 

1352. 129.6, 128.6, 127.6. 127.1. 127.0. 126.5, 123.3, 122.7, 121.9 114 4 60 3 554 

Example 65 

X~^^ h ^^ ny °- 7 ^ h ^«'->--- 



69 




s' 



The tlOe compound is prepared analogously to Example 63: rap. 217-219'C- 
H-NMR (DMSO-d 6 ) 6 9.22 (1H. s). 7.94 (1H, dd, J 2.9, 1.2), 7.78 (2H, d, J 8.3), 7 75 (1H 

16 7W 7 (1H ' ' 5 7 (2H ' * J 8 3 >' ^ * ^dH. d. J ' 

16 7) 4.84 (1H. d, J 16.7), 3.50 (1H, dd, J 13.8. 7.0), 3.32 (1H. dd, J 13.8, 7.0), 1.03 (1H 

m).0.48 (2H, m), 0.28 (2H. m); "C-NMR (DMSO-d 6 ) 6 163.3, 162.7, 140.8, 136 3 134 2 ' 

134 0 127.9, 127.7. 127.2. 126.5. 125.4. 122.2. 115.6. 61.2. 51.0. 41.3. 9.1. 3.7 3 4- a* 

£ « HC '' C 62 25 " ^ " — 

Example 66 

^"^-('-fluoro^ 
hydrochloride 




The title compound is prepared analogously to Example 63: m.p. 235-237'C- 
H-NMR (DMSO-de) 5 9.16 (1H. s). 7.68 (4H. m). 7.54 (2H, m, 7.30 (8H. m). 6.49 (1H, s) 
4.75 (4H, m); C-NMR (DMSO-d 6 ) 8 163.61. 162.75, 160.85, 140.46. 136 20 134 40 
130.32. 129.30, 129.20. 129.05. 128.22. 128.08. 127.95. 126.33. 125.86. 124 98 116 33 

2 'J!; 89 ' 61 ^ 50 0 °' 41 " 28: 6/Z (ES > 398 < M+1 ■ 1 °0%>; ca.cu.ated for ^o 
HCI 0.2 H 2 0. C 68.63. H 4.93. N 9.60. found C 68.35. H 4.73. N 9 66 
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Example 67 

Methyl 4-(7-benzyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazln-5-yl)-benzoate 
hydrochloride 



To a solution of the title compound of Example 23, 7-benzyl-5-(4-bromo-phenyl)-7,8- 
dihydro-imidazo[1,5-a]pyrazin-6-one (0.202 g, 0.53 mmo!) In DMSOrMeOH (2 ml_; 5:1) are 
added triethylamine (0.147 mL, 1.06 mmol), diphenylposhlnopropane (0.044 g, 20 mol%), 
and palladium (II) acetate (0.024 g, 20 mol%). The reaction mixture is degassed, purged 
with carbon monoxide and then heated at 70°C for 16 hours. The reaction mixture is 
cooled, then partitioned between water and EtOAc. Following washing of the combined 
organic phases with brine, drying (anhydrous sodium sulfate) the residue is subjected to 
flash chromatography (silica) eluting with EtOAc:MeOH:NH 4 OH (90:10:1) to give the desired 
free base as an oil, which is dissolved in methanol and HCI (g) in diethyl ether is added to 
afford methyl 4-(7-benzyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1 ,5-a]pyrazin-5-yl)-benzoate 
hydrochloride: m.p. 236-238°C; 1 H-NMR (DMSO-d e ) 5 9.16 (1H, s), 8.01 (2H, d, J = 8.4). 
7.71 (1H, s), 7.44 (2H, d, 8.4), 7.33 (3H, m), 7.23 (2H, m), 6.58 (1H, s), 4.70 (4H, m), 3.87 
(3H, s); 13 C-NMR (DMSO-d a )8 166.0, 163.2, 139.9, 136.1. 134.5. 130.6. 130.3. 129.0, 
128.1, 127.8, 125.2,115.8, 61.4, 52.7, 49.9, 41.1; e/z (ES) 362 (M+1, 100%); calculated for 
Qj^wNaOa HCI 0.2 H 2 0. C 62.82 H 5.06 N 10.50, found C 62.82 H 5.06 N 10.47. 

Example 68 

4K7-Benzy|.5-methyl-6-oxo-5,6 f 7,8-tetrahydro-lmidazo[1 f 5-alpyrazin-5-yl)-benzonitrile 
hydrochloride 
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To a solution of the title compound of Example 3, 4-(7-benzyl-5-methyl-6-oxo- 
5,6.7,8-tetrahydro-imida2o[1 f 5-a]pyrazin-5-yl)-benzonitrile (0.24 g, 0.63 mmol) in THF (5 mL) 
at -78°C is added LHMDS (0.70 mL, 0.70 mmol) and the resulting solution is stirred for 
15 minutes. To this solution is added methyl iodide (0.040 mL, 0.67 mmol) and the solution 
is stirred for 15 minutes, then warmed gradually to RT. The reaction mixture is quenched by 
addition of NH 4 CI and extracted with EtOAc. The organic solution is washed with brine, 
dried (anhydrous sodium sulfate) and evaporated to an oil. Purification by flash 
chromatography (silica gel) eluting with EtOAcrMeOHiNhUOH (95:5:0.5) gives the free base 
which is dissolved in acetone and HCI (g) in diethyl ether is added to afford 4-(7-benzyl-5- 
methyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzonitrile hydrochloride: 
m.p. 230-232°C; 1 H-NMR (DMSO-d 6 ) 8 9.54 (1H, s), 7.90 (2H, d, J = 8.7), 7.74 (1H, s), 7.32 
(3H, m), 7.22 (2H, d, J = 8.7), 7.15 (2H, m), 4.73 (1H, d, J = 16.9), 4.71 (1H, d, J = 14.6). 
4.66 (1H, d, J = 14.6), 4.12 (1H, d, J = 16.9), 2.25 (3H, s); 13 C-NMR (DMSO-d 6 ) 8 163.1, 
141.1, 133.8, 132.3, 131.3. 126.8, 125.8, 125.7, 124.0, 123.7, 116.2, 114.2, 110.0, 64.6, 
48.4. 38.5. 22.6; e/z (ES) 343 (M+1, 100%); calculated for C 2l H 18 N 4 0 HCI, C 66.58 H 5.05 N 
14.79, found C 66.41 H 5.01 N 14.80. 

Example 69 

S^Bromo-phen^^yclopropylmethyl-SMnethyl^.SKllhydro-imidazon.S-alpyrazin- 
6-one hydrochloride 




The title compound is prepared analogously to Example 68: m.p. 228-230°C; 
1 H-NMR (DMSO-d 6 ) 8 9.35 (1H, s). 7.53 (1H. s),7.39 (2H. d. J = 8.4). 6.74 (2H, d, J = 8.4), 
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m o ; 9 1 \ Tr • ■ J = 16S> - 331 (1H - * J ■ ,s * ™>- ™«»- * • 

■It ! \ ,™ * ' H ' "* °- 18 < 2H ' m) ' ° ° <2H - "* (DMSO-d.) . 

165.4. 162.7, 137.9. 134.3. 132.6, ,27.2. 126.4.122.6. 116.0. 66.7. 51 6 25 0 9 0 3 6 3 2- 

Exampla 7n 



» y N -HCI 




The title compound Is prepared analogously to Example 68: m p 234-236»C- 

3.22 (1H, dd, J = 13.8, 7.2). 3.55 (1H. dd. J = 13.8. 7.2), 4.27 (1H. d. J = 16 3) 4 86 „H d 
" 1M >- 7 00 < 1 * * J " «fc "7 (1H. .,. 7.39 (,H, t, J = 8.0). 7.62 (1H d d 8 o, 7 74 
(1H. s, 9.46 ,1H. s, ; l3 C-NMR (DMSO^., 8 3.26. 3.49, 9.04, 25 05, 40 1 5,' 71 5 43 

;ir • m18 ' ,27 - 81 - 131S4 ' — - - ^ 

Example 71 



■ ,N Ha 




•H Ml J^n.«r mP0Un<I b P,BPared ana, °a° usl )' *» Example 68: m.p. 235-237'C; 

5.7). 7.14 (2H. app u = 8.9,. 6.95 (2H. d. J = 8.7). 4.72 (1H. d. J - ,8.6,. 4.67 <2H. s,. 4 1 
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(1H, d, J = 16.6), 2.2 (3H, s); 13 C-NMR (DMSO-d a ) 5 165.7, 162.0 (d, J = 243.0), 137.7, 
134.4, 132.5, 132.4, 130.3 (d, J = 8.3), 127.2, 126.0, 122.7, 116.2, 115.8 (d, J = 21.9), 66.7, 
49.8, 25.0; e/z (ES) 413/415 (M+1,100%); calculated for C 20 H 17 BrFN 3 O HCI, C 53.29 H 4.02 
N 9.32, found C 53.39 H 3.73 N 9.28. 

Example 72 

5-Benzyl-5-(4-bromo-phenyl)-7-(4-fluoro-benzyO-7,8-dihydro-imidazo[1,5-a]pyrazin-6- 
one 




The title compound is prepared analogously to Example 68: m.p. 166-168°C; 
1 H-NMR (DMSO-d 6 ) 5 7.81 (1H, s), 7.62 (2H, d, J = 8.6), 7.14 (7H, m), 7.04 (2H, app t, J = 
7.5), 6.79 (2H. d, J = 7.2), 6.73 (1H, s). 4.75 (1H, d, J = 14.5), 4.40 (1H, d, 16.1), 4.28 (1H, 
d. J = 14.5), 4.18 (1H, d. J = 13.7), 3.73 (2H, m); 13 C-NMR (DMSO-d 6 ) 8 166.2. 162.0 (d, J = 
243.8), 141.6. 135.4, 135.1, 132.3, 132.0, 130.6 (d, J = 8.3), 130.0, 128.6, 128.3, 127.4, 
122.6, 122.5, 122.0, 1 15.6 (d, J = 21.9), 67.67, 49.7, 43.2. 41.7; e/z (E/S) 489/491 (M+1, 
100%); calculated for CzeH^BrFNgO, C 63.68 H 4.32 N 8.57, found C 63.68 H 4.34 N 8.45. 

Example 73 

5-(4-Bromophenyg-7-(4-methoxy-benzy^ 
dlhydrochloride 



.HCI 




To a solution of the title compound of Example 21 , 5-(4-bromo-phenyl)-7-(4- 
methoxy-benzyl)-7,8-dihydro.imidazo[1.5-a]pyrazin-6-one (0.471 g, 1.14 mmol) in THF 
(5 mL) at RT is added borane (6.85 mL, 6.85 mmol). The reaction is stirred for 18 hours 
and quenched with MeOH. The reaction mixture is evaporated to dryness, partitioned 
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between water and EtOAc. The combined organic phases are washed with brine, dried 
(anhydrous sodium sulfate), concentrated and the residue is subjected to flash 
chromatography (silica) eluting with EtOAc:MeOH:NH 4 OH (90:10:1) to give the desired 
material. This material is dissolved in diethyl ether. HCI(g)-MeOH is added and the 
hydrochloride crystallizes to afford 5-(4-bromophenyl)-7-(4-methoxy-benzyl)-5.6,7,8- 
tetrahydro-imidazo[1,5-a]-pyrazine dlhydrochloride: m.p. 270-273°C. 

Example 74 

5-(4-Bromophenyl).7-benzyW,6 f 7,8-tetrahydro-imidazo[1,5-a]pyrazinep-toluene 
sulfonate 




Br 



To a solution of the title compound of Example 23, 5-(4-bromo-phenyl)-7-benzyl-7,8- 
dihydro-imidazo[1,5-a]pyrazin-6-one (0.471 g, 1.14 mmol) in THF (5 mL) at RT is added 
borane (6.85 mL, 6.85 mmol). The reaction is stirred for 18 hours and quenched with 
MeOH. The reaction mixture is evaporated to dryness, partitioned between water and 
EtOAc. The combined organic phases are washed with brine, dried (anhydrous sodium 
sulfate), concentrated and the residue is dissolved in acetone, p-toluene sulfonic acid is 
added and the desired 5-(4-bromophenyl)-7-benzyl-5.6.7,8-tetrahydro-imidazo[1,5- 
a]pyrazine p-toluenesulfonate crystallizes: m.p. 223-225°C; 'H-NMR (DMSO-d B ) 5 8.81 
(1H. s). 7.63 (2H. d, J = 8.7). 7.51 (1H. s), 7.47 (2H, d, J = 7.8). 7.27 (5H, m), 7.20 (2H, m). 
7.1 1 (2H. d. J = 7.8), 5.70 (1H, dd. J = 6.4. 4.1), 3.85 (1H, d. J = 13.3), 3.78 (1H, d, J = 
14.9). 3.75 (1H. d. J = 13.3). 3.68 (1H. d. J = 14.9). 3.17 (1H. dd. J = 12.4. 4.1). 2.91 (1H. 
dd, J = 12.4. 6.4). 2.29 (3H. s); 13 C-NMR (DMSO-d 6 ) 8 145.8. 137.9, 137.4. 136.9, 134.3, 
131.5. 129.5. 128.7. 128.5. 128.2. 127.9. 127.3. 125.3. 121.8, 114.7. 59.9. 57.5. 55.7. 46.7. 
20.7; e/z (ES) 368/370 (M+1 , 100%); calculated for C 19 H 1fl N 3 C 7 H 0 SO 3 , C 57.78 H 4.85 
N 7.77, found C 57.79 H 4.85 IM 7.73. 

Example 75 

4K8^enzyl-7.oxo.6J,8,9-tetrahydro-5H.imidazoI1,5.a][1,4]diazepin.5-yl).benzonltriIe 
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N 



A Methyl 3-[5.(tert4jutyl-dimethylsilanyloxymethyl)-imidazol.1-yl]^.(4^yano- 
phenyQ-proplonate 

To a solution of the title E compound In Example 1, 4-(5-tert-butyl-dimethylsilanyloxy- 
methyl-lmidazoyl-1-ylmethyl)-benzonitrile (3.15 g, 9.63 mmol) in THF (30 mL) at -78°C is 
added dropwise 1.0 M LHMDS (10.0 mL. 10.0 mmol) and stirred for 10 minutes. Methyl 
bromoacetate (0.91 mL, 9.63 mmol) is added and the solution stirred for 10 minutes, then 
quenched with ammonium chloride. On warming the reaction is partitioned between EtOAc 
and brine, thereafter the combined organic phases are dried over anhydrous sodium sulfate 
and removal of the solvents in vacuo yields a viscous oil. The residue is subjected to flash 
chromatography (silica gel) eluting with EtOAc:MeOH:NH 4 OH (95:5:0.5) to give methyl 
3K5-(tert-butyl-dimethylsilanyloxymethyl)-imidazol-1-yl]-3-(4-cyano-phenyl)-prop 
'H-NMR (CDCI 3 ) 8 7.64 (2H, d, J 8.4), 7.59 (1H, s), 7.28 (2H, d, J 8.4), 6.95 (1H, s), 6.05 
(1H, m), 4.62 (1H, d, J 13.2). 4.46 (1H, d. J 13.2), 3.66 (3H, s), 3.32 (1H, dd. J 16.3, 9.4), 
3.19 (1H, dd. J 16.3. 7.0), 0.83 (9H. s), 0.02 (3H, s), 0.00 (3H, s); 13 C-NMR (CDCI 3 ) 8 170.0, 
144.8. 136.4, 133.1, 131.4. 128.9, 118.5. 112.7, 55.4, 52.7, 40.6, 26.1, 18.8, -5.0, -5.1; e/z ' 
(ES)400(M+1, 100%). 

B. Methyl 3-C5-(hydroxymethyl)-imidazol-1-yl]-3K4-cyano-phenyl)-propionate 

The title A compound, methyl 3-[5-(tert-butyl-dimethylsilanyloxymethylHmidazole-1- 
yq-3-(4-cyanophenyl)-propionate (0.98 g. 2.46 mmol) and p-toluenesulfonic acid (0.55 g, 
2.9 mmol) are stirred in MeOH (10 mL) at RT for 24 hours. The reaction mixture is 
evaporated to an oil and partitioned between EtOAc and aqueous saturated sodium 
bicarbonate. The combined organic phases are dried over anhydrous sodium sulfate and 
removal of the solvent in vacuo yields methyl 3-[5-(hydroxymethylHmidazol-1-yn-3-(4-cyano- 
phenyl)-propionate as an oil: 1 H-NMR (CDCI 3 ) 8 7.65 (2H, d, J = 8.4), 7.62 (1 H, s), 7.31 
(2H, d, J = 8.4), 6.98 (1H, s), 6.05 (1H, dd, J = 9.2, 6.2), 4.62 (1H, d, J = 13.5), 4.47 (1H, d, 
J = 13.5), 3.67 (3H, s), 3.36 (1H, dd, J = 16.5, 9.2), 3.21 (1H, dd, J = 16.5. 6.2); e/z (ES) 
286 (M+1, 100%). 
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C »*M ^™ yl , mWazoM ^^„^ ny|) ^ (onate 

and concentrated. The residue Is suhtertan , . T ^""Vrous sodium sulfate) 

■ ; .» give meirryl ^6-forrrryHmlda»l-l-yll.3.r4^ n „ 
asanofc H-NMR (CDCI3) S 9.68 (1H. s), 8.00 (1H s) t L h^T?^*'"**^ 
7.37 (2H. d, J = as, 8.83 <,„. m, 3.86 H. ^ 8 « OH * J «I * * ' = " 
- 16.8. 6.6, "C^MR (CDOW 8 178 . 8 , ^ ^ " ** "* 3 30 ™ «• 

1«A »^^. 5 a.4.3 S .O ; a fe(E S, 2 84 (M Itl0<^ ^ 1327 ' ,3 °' 8 ' ,274 - 

aqueous sodium wdtate aT* Pa ™ >ned a " d — — 

chromategraphy ( s»ca, eiuang SSL^S I ^ 10 
(68)343(^1.10^). daa5 ' 1 ^ l[1 ' 4W,aze ' ,i ''*V)-^»ni« l e : m.p.6S-C;e& 

Example 7ft 
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The title compound is prepared analogously to Example 75: m.p. 178-180°C- e/z 
(ES) 307 (M+1, 100%). 
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What is claimpri ; e - 

1 • A compound of the formula 




CD 



R3 

wherein ^ b 
X is oxygen or H 2 ; 
Yis-CRR'-inwhich 

"C;^ **** «•—*«*— -* ««* or 

R,. Is hydrogen, optional* subsKMed alky,, eyctoalkyl, alkenyl. aikyny! an, a ra ikvi 
hetemeycty, orhetoroaraiky, p,^ „ M ™ 

" " - " m ^ °' 1 — , X te and Rtb, Ra, R. 1 ZX^Z' 
R» . hydrogen, optionally subbed alky,, arafcy,, Man*, aryi or heteroary,- 
RjlsRr(CHR,) p -lnwhieh 

R. Is optionally substlluted alkyl. cydoalkyl. aryl or heterooyclyf 

Rr b hydrogen, opdonaBy substituted alkyl. aryl. heteroary. or aralkyl; 

P is zero or an integer from 1 to 4; 

^"'^^^•^•°^~^^^or' 
R4-C may be replaced by nitrogen; 

*. is hydrogen, option* substituted atkyt. ary, aralkyl or hetema ^. 

m and n are zero or an integer of 1 providing the sum of m and n is not 2- 
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2. A compound according to claim 1 wherein 
Y is -CRR'- in which R and R' are hydrogen; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

3. A compound according to claim 2 wherein 
m and n are zero; 

or a pharmaceutically acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

4. A compound according to claim 3 of the formula IA 



wherein 

X is oxygen or H 2 ; 

Ria is lower alkyl, aryl or heteroaryl providing R 1a is not 9H-carbazol-2-yl when Re is 
methyl, p is zero, X is H 2 , and R 1b . R3, R, and R 5 are hydrogen; 

Rib is hydrogen, lower alkyl, aralkyl or heteroaralkyl; 

Re Is cycloalkyl, aiyl or heteroaryl; 

R 7 is hydrogen or lower alkyl; 

p is zero or an integer from 1 to 2; 

Re, R» and Re are hydrogen; 

or a pharmaceutically acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 
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5. A compound according to claim 4 wherein 
Ria is monocyclic aryl; 

Rib is hydrogen; 

or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

6. A compound according to claim 5 of the formula IB 




wherein 

X is oxygen or H 2 ; 
Re is cydoalkyl, aryl or heteroaryl; 
R 7 is hydrogen or lower alkyl; 
p is zero or an integer from 1 to 2; 

Re, R 9 and R 10 are independently hydrogen, hydroxy, halogen, cyano, nitro, 
trifluoromethyl, optionally substituted alkyl, cycloalkyl, optionally substituted amino, 
alkoxy, alkylthio, carboxy, sulfonyl, carbamoyl, aryl, aryloxy, arylthio or heterocyclyl; 
or a pharmaceutical^ acceptable salt thereof; or a diastereomer thereof; or a mixture of 
diastereomers thereof; or an optical isomer thereof; or a mixture of optical isomers thereof. 

7. A compound according to claim 6 of wherein 
X is oxygen or H 2 ; 
Re is cycloalkyl, aryl or heteroaryl; 
R 7 is hydrogen or lower alkyl; 
pis an integer of 1; 
Re and R 9 are hydrogen; 
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Rio is hydrogen, halogen or cyano; 

or a pharmaceutical* aoceptable salt thereof; or a dlastereomer thereof or a mixture of 
.astereomers thereof oranop«caM^ 

8. A compound according to claim 7 wherein 
X is oxygen; 

Z!Zr*r,^ P,abte ~ -a mix** of 

,h ™* " a " fe0 "- ■«* or a m«ure o, op^ca, iS0TOIS ^ 

9. A compound according to claim 7 wherein 
Ra is C M cycloalkyl or monocyclic aryl; 

2Z7™^r ptable sa,t **** or a diastereomer there °* - * of 

drastereomers thereof; or an optica, isomer thereof; or a mixture of optica, isomers thereof. 

10. A compound according to claim 7 wherein 
Rio is located at the 3-position; 

diastereomera thereof; or an opto, isomer thereof; or a mbdure of optica, isomers thereof. 

11. A compound according to daim 1 which is selected from: 

^-^^^.Metranydro^^ 
^^^-propyw.e.r.^tehydro^.dazoci.^lpyra^ 

^^^^^ 
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4 -™-Methyl^^^ 

benzonitrile; * 

4-[7-(4-Chloro-ben Z yl)-6-oxo^.67.8-tet ra hydro- i mid^ 
benzonitrile; 

4-[6-Oxo-7-(4-fluoro-be^^ 
benzonitrile; 

^^^^^ 

^o^LT' 4 " diCh ' 0r0 * benZy,) " ^^^^^i^pyra^.^ 
^ 2 -M*hoxye W ^ 

benzonitrile; /J 

4-[7-(3-Methoxypropy|)-6^xo-5,6j,8-tetrahydro-^ 

benzonitrile; yj 

4- (6-Oxo-7-pyridin^y| m ethyl-5,6.7,8-tetrahyd^ 

benzonitrile; y; 

7-Benzyl-5-phenyl-7 f 8^ihydro-imfdazo[1,5-a]pyrazin-6^ 

7-Methyl-5.pheny|.7 I 8^lhydro-imidazo[1,5-a]pyrazin-6-one; 

5- (4-Bromo-phenyl)-7-me^ 

5-(4-Bromo-phenyl)-7-cyclo Pro py| m ethyl-7.8^ihy 
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T-Benzyl-g-^bromo-p^^ 
5-(4-Bromo-phen^^ 

5-(4-B rom o-pheny.)-7-(4-tnfluoromethy^ 
on© f 



5-(4-Bromo-phen^^^ 

5-(3.Bromo.phen^7-methyl-7 I 8Kl.hydro-imidazo[1,5^ 
5-(3-Bromo-pheny.)^^ 

7.Be n2 yl-5-(3.bromo.phenyJK,8K.ihydro-imida Z ot1^ 
5-(3-Bromo^heny. W ^ 

5-(3-Bro m o-pheny.K-(4-tnfluoromethyI.ben Z yl^ 
on©j 

Ofl© p 

5-(3-Bromo-phenyl)^^ 
5 -<^ Br °™-Phenyl)^^ 

5-(3-Bromo-phenylK-(4-methoxy-phenethylK3-d^ 
on ©i 
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5-(3-Bromo i >h6nyl)-7.(4.fluoro-phenethyl)-7,8-dihydro-im 
5 ^ B ™°*henyl)™^ 

5-(3.Bromo i3 henyl>7-furan-2-ylmethyl-7,8.dihydro-imida2ot1 > 5-a]py^^ 
hydrochloride; 

(«)-5K3-Bromo-phenyl).7-((/?).1-ph e nyl-ethyl)-7,8-dihyd^ 
one; 

(S)-5-(3-Bromo-phenyl)-7-((/?)-1-phenyl^thyl).7,8-d 
one; 

<*>-^Bromo-phenyl)-7-^^^ 
one; 

< s W4-Bromo-phenyl)-7-(<^^ 
one; 

7-Benzyl-7,8-dihydro-imidazo[1,5-a]pyra2in-6-one; 

3 -< 7 -Benzyl-6-oxo-5.6^^^^ 

^-(^Methyl-benzyO-e^^ 
benzonitrile; 

3-[7-<4-Fluorc>-benzyl)-^^ 
benzonitrile; 

3-p-(4-Chloro-benzyl)-6^xo-5,6J,8-tetrahydro-lmidazo[1,5-a]pyrazin-5-y^ 
benzonitrile; 

347-(4-Methoxy-benzyl)-6-oxo-5,6J,8-tet ra hydro^midazo[1,5-a]p^^ 
benzonitrile;. 

3-[7-(4-Fluoro-phenethyl)-6-oxo-5,673-tetrahydro-lmidazo[1,5-a]pyrazin-5-yn- 
benzonitrile; 

3-(7-Ph e nethy|.6-oxo-5.6J,8-tetrahydro-imidazo[1,5-a]pyra^ 

3 -( 7 -^clopropylme%l-6^^ 
benzonitrile; 

WChloro-biphenyl^ 
6-one; 
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7-i 



5-aJpyrazfn-6- 



12. A compound according to claim 11 which is selected from: 

4- <7-Ber^MW5,6^^^ 

7-Ben 2 yi.5-phenyi.7,8-dihydro-imida 2 o[1 > 5-a]pyrazin^^ 

5- (4-Bromo-phenyl)-7-cyclo Pro py,r n ethyi-7.8-di^^^ 
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7-Benzyl-5-(4-bromo-phenyl)-7,8-clihyclro-imidazo[1,5-a]pyrazin-6-one; 

S-CS-Bromo^henylK-cyclopropylmethyl-y.S^ihydro-imidazoII.S^lpyra^n-e^ne; 

7-Benzyl-5-(3-bromo-phenyl)-7,8<lihydro-imidazo[1,5-a]pyrazin-6-one; 

3-(7-Benzyl-6-oxo-5,6,7,8-tetrahydro-imidazo[1,5-a]pyrazin-5-yl)-benzonitrile; and 

S-^CydopropylmethyW-oxcKS.ey.S-tetrahydro-imldazoII.e-alpyrazin-S-yl)- 
benzonitrile; 

or a pharmaceutlcally acceptable salt thereof; or an optical Isomer thereof; or a mixture of 
optical isomers thereof. 

13. A method for the inhibition of aldosterone synthase activity in mammals which 
method comprises administering to a mammal in need thereof a therapeutically effective 
amount of a compound of claim 1 . 

14. A method for the prevention and/or treatment of conditions associated with 
aldosterone synthase activity in mammals which method comprises administering to a 
mammal in need thereof a therapeutically effective amount of a compound of claim 1 . 

15. The method according to claim 14, which method comprises administering said 
compound in combination with a therapeutically effective amount of anti-obesity agent, anti- 
hypertensive agent, inotropic agent or hypolipidemic agent 

16. A method for the prevention and/or treatment of conditions associated with 
aldosterone synthase activity in mammals which method comprises administering to a 
mammal in need thereof a therapeutically effective amount of a compound of claim 1 1 . 

17. A method for the prevention and/or treatment of conditions associated with 
aldosterone synthase activity in mammals which method comprises administering to a 
mammal in need thereof a therapeutically effective amount of a compound of claim 12. 

18. A method for the treatment of hypokalemia, hypertension, congestive heart failure, 
atherosclerosis, coronary heart diseases and post myocardial infarction, which method 
comprises administering to a mammal in need thereof a therapeutically effective amount of 
a compound of claim 1 . 
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19. A method for the treatment of restenosis, increased formation of collagen, fibrosis, 
and remodeling following hypertension and endothelial dysfunction, which method 
comprises administering to a mammal in need thereof a therapeutically effective amount of 
a compound of claim 1 . 

20. A method for the treatment of renal failure and nephropathy, which method 
comprises'administering to a mammal in need thereof a therapeutically effective amount of 
a compound of claim 1 . 

21 . A method for the treatment of syndrome X and obesity, which method comprises 
administering to a mammal in need thereof a therapeutically effective amount of a 
compound of claim 1. 

22. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound of claim 1 in combination with one or more pharmaceutically acceptable carriers. 

23. A pharmaceutical composition comprising a therapeutically effective amount of a 
compound of daim 1 in combination with a therapeutically effective amount of anti-obesity 
agent, anti-hypertensive agent, inotropic agent or hypolipidemic agent. 
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ABSTRACT OF THE DISCLOSURE 



Compounds of the formula I 




(I) 



provide pharmacological agents which are inhibitors of the P450 enzyme, aldosterone 
synthase, and thus may be employed for the treatment of aldosterone mediated conditions. 
Accordingly, the compounds of formula I may be employed for prevention, delay of 
progression, or treatment of hypokalemia, hypertension, congestive heart failure, renal 
failure, in particular, chronic renal failure, restenosis, atherosclerosis, syndrome X, obesity, 
nephropathy, post myocardial infarction, coronary heart diseases, increased formation of ' 
collagen, fibrosis, and remodeling following hypertension and endothelial dysfunction. 
Preferred are the compounds of formula I which are selective inhibitors of aldosterone 
synthase devoid of undesirable side effects due to general inhibition of cytochrome P450 



enzymes. 
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